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Editor’s Preface 


This book has been written in recognition of the need for greater 
emphasis on methodology in the training of students in psychology. 
Considerable stress is placed on this type of training, and many of our 
courses are directed toward this primary objective, but the textbooks 
and references available to us are mainly devoted to a discussion of 
investigative results, with only an occasional explanation of methods. 
These results, the facts and principles of psychology, are always to be 
tempered and interpreted in terms of the methods used. Actually we 
spend many hours talking to our students about methodology, but very 
little time is devoted to writing about this subject for a broader audience. 

We hope in this volume to bridge the gap between other textbooks and 
the objectives of several of our academic courses. Our introduction 
to the methods of psychology applies this principle especially to the 
second course, which is usually called experimental psychology but which 
is supposed to serve as a methodological introduction to a large number 
of more advanced courses. To the extent that methodology is stressed 
in the first course or in more advanced and specialized courses, our book 
will help to fill a gap among the available textbooks. It is, then, a book 
of rather wide application, and it may serve also to introduce a new 
undergraduate course on methodology into our curricula. 

Because of the varieties of approach and the details of research tech- 
niques to be represented, a book composed of the writings of many 
persons was clearly indicated. I have been most fortunate in obtaining 
the interest and services of as large a number of respected specialists 
in the various fields as there are chapters in the book. The fact that 
all these experts readily accepted the heavy responsibility of writing 
their chapters for our book and entered into the spirit of intensive col- 
laboration on this project must certainly mean that the problem of 
training in methodology is important to them. 

The contributing authors were asked to write their chapters in terms 
familiar to students who have completed the introductory course in 
psychology. In assigning work in this book, that basic level should be 
considered by the instructor. The authors also agreed that there 
should be a very minimum of involvement in purely historical and 
theoretical controversies. Some authors have preferred to arrange 
their chapters so that methods are presented in terms of the major 
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problems. Others have presented the problems in terms of the methods. 
In no case, however, have the central problems of investigation been 
omitted from any chapter topic. Methods are always to be understood 
in their relations to the problems of psychology. 

The “content’’ aspects of general psychology — ^the investigative re- 
sults, facts, and principles — are surveyed in brief form in the chapters and 
in terms of the methods involved in their discoveries. Because the 
purpose of the book is to discuss the major and representative methods 
of psychology, these sections on results have been held to a rather 
minor role. Were we to stress methods and results equally, the text 
would take on the form of a handbook of psychology. That has not 
been our purpose, and it is to be understood that the material of this 
book is organized to supplement other textbooks whose purpose is to 
present the “content” aspects of general psychology. 

The reader who is disposed to seek for a really complete discussion 
of all aspects of psychological methodology will find many omissions in 
each chapter and some omissions in the chapter headings. The present 
limitations of space have forced me to request that each contributing 
author choose the essential and more representative modern methods 
for discussion. These are the things we stress in our methodological 
training of undergraduate students. Some readers may be disappointed 
to find that there are no chapters on statistical methods or on methods 
of industrial ps37-chology. Such chapters might be expected to appear 
in our book. Statistical m ethod s, a very important cornerstone,, in 
moder n psy choIogica rrese aiTh, are treated more fully than any of our 
"other methods in textbooks and reference works devoted to that sub- 
ject. Consequently we have elected to have the student referred else- 
where for a discussion of statistics, so that we may have an increased 
amount of space to devote to the details of other methods and techniques 
not found in other works. Any course on methods of psychology must 
devote considerable attention to statistical methods, and it is to be 
understood that some conversancy with this subject is presumed for a 
full appreciation of the methods described in our book. 

Industrial psychology does not represent a separate discipline, 
and most of its characteristic methods have been borrowed from other 
fields of psychology. We have not included a chapter on the methods 
of industrial psychology because the material of such a chapter W'Ould 
mainly repeat parts of the content of Chapters 16, 17, 18, and 19. 

It is impossible to mention all the sources of influence and informa- 
tion to which the authors and the editor are indebted. Wlien the source 
is apparent, as in the case of quotations and illustrations, appropriate 
acknowledgment has been made in the text. As the editor, I am deeply 
grateful to the advisory editor of this series for his many helpful sug- 


gestioiis. I am most grateful, also, to the contributing authors for 'tlieir 
grand spirit of cooperation and scholarly advice. I must^ however, 
stand personally responsible for the pattern of organization of this book. 
If it functions in any w^ay to aid in the directive training of our future 
psychologists, it wall have served its purpose well and offered ample 
rei-vard to the authors and the editor. 

T* G. Andrews 

University of Chicago 
Januaiy, 1948 
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Chapter 1 

An Introduction to Psychological 
Methodology 

T. G. Andrews^ 


As the student surveys the literature of modern lysyehology, he is 
ittipressed witli its wide scope and the extremely varied methods tliat 
are employed in its lieterogeneous domain. The data that fall witliin 
the boundaries of psychology include such diverse subjects as loudness 
discrimination in dogs, factors of delinquency in urban areas, spinal 
reflexes, and psychotherapy. Yet all these are psychology. Not 
only do the data and sources of data show great diversity, but it 
naturally follows that the methods of the field must also exhibit some 
similar degree of diversity. 

Within the gigantic framework of psychological science there is some 
system and order among the facts and among the methods. The 
purpose of this introductory chapter is to search into the bases of 
methodology and attempt to bring together some of the common 
features and differentiating features of the sundry methods that are 
being employed in the advancement of psychological knowledge. The 
remaining chapters of the book are devoted to the more specific 
methods and the technical details of their application in the different 
fields of interest. 

The science of psychology faces several rather fundamental difficul- 
ties. One of these major difficulties can be appreciated by a comparison 
wfith the so-called natural sciences, in which the beginning points — the 
raw material — are not under great controversy. Man does not ordi- 
narily question the basic subject matter of physics or of chemistry; 
such raw stuff constitutes the main stimulus objects of his physical 
environment. On the other hand, historically, psychology has had 
some difficulty in trying to decide the boundaries of its subject matter, 
which has ranged from consciousness to the more modern and opera- 

3- Assistant Professor of Psychology, University of Chicago. 
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tionaiiy definable response [3]. There are rnaiiy ways 

of going about the analysis of the behavior which we call the subject 
matter. As Professor E. G. Boring has indicated, psychology has 
settled down to the attempt to account man’s fimctional capacities 
and describe them [4]. 

During its historical difficulties concerning subject matter psychology 
has fostered the growth of several rather divergent points of view, out 
of which there have arisen several interesting controversies [11, 12]. 
Certain psychologists have also felt compelled to expend considerable 
energy in trying to combat the easily made claim that their field should 
not be classified as a science. Perhaps the older subjects of analysis, 
such as .consciousness, did not appear very scientific, but such a con- 
troversy is nevertheless a barren one. In this regard it is best to follow 
the rule, as stated by Karl Pearson [19], that any field is a science so 
long as it consistently employs scientific methods. 


BACKGROUNDS OF SCIENTIFIC METHOD 
Rafionalism and Empiricism 

If method is to be the major criterion of science, we can easily 
see the necessity for becoming conversant with the backgrounds and 
characteristics of scientific method. 

The philosophical techniques used to evaluate and investigate 
; behavior and all other things are ratiomZ in nature. Rationalism is 

I the more speculative philosophy which attempts to arrive at “truths” 

\ by reasoning from a few rather broad assumptions in accordance with 

i some principles of correct procedure, rather than by turning directly 

i to experience. It is evident that rationalism presupposes a very strong 

! faith in man’s powmr to reason. 

There have been some quite satisfactory procedures and criteria for 
deduction from propositions [6], but a major criticism of the familiar 
syllogistic form is that it has never proved of value in obtaining really 
I new information. Demonstrating by syllogistic reasoning such things 

I as “Socrates is mortal” has not been sufficient to satisfy the more 

I spirited and empirical truth seekers [16]. Also, the major premise 

j (the large if) in such syllogisms is usually an untestable hypothesis. 

I Waiting until the last man has died in order to demonstrate that all 

I men are mortal would not be a fruitful procedure. 

\ Some investigators of a less speculative frame of mind were seeking 

I new information, and so they scrapped most of the techniques of the 

\ rationalists and turned directly to nature and experience for the 
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answers to their questions. These questions took on new forms; they 
were stated with greater precision and were' more closely directed to 
the world of experience. Rather than remaining satisfied with a state- 
ment merely because the rules of logical deduction had been followed 
in deriving itj these investigators tested the statement by determining 
whether it concurred with other types of observation. 

These newer techniques were carried out in an entirely different 
spirit. Instead of the syllogistic form, the reverse was applied — that 
of starting from particulars and going toward generalities. This 
principle of induction, however, did not allow the application of 
convenient criteria of ‘Truth” that had been developed for a syllogistic 
deduction. Although a little more troublesome, this lack of complete 
criteria served a purpose, because it helped science to throw off the 
cloak of absolutism and become progressive by never feeling too certain 
about its results [15], 

There were many verbal battles and some actual bloodshed before 
the more inductive and empirical techniques were fully launched on 
their way toward the development of the body scientific. In the 
division of the two camps, the more rugged and individualistic empiri- 
cists tended to^vard overcompensation by throwing completely over- 
board any connections with the despised speculative systems. During 
more recent years, however, there has been an interesting and profit- 
able reversion to the extent that scientists are becoming more and more 
concerned about the philosophical bases of their methods and modes 
of discourse. Philosophy, therefore, is still with us in all our scientific 
endeavors [5, 17,20], 

For purposes of the description and prediction of natural phenomena, 
the empirical and inductive methods of science have survived as the 
fittest. Nevertheless, whenever the scientist poses an hypothesis for 
investigation, designs an experiment, arranges precision instruments 
for purposes of recording, statistically analyzes the quantitative results 
of the investigation, and makes inferences about behavior on the basis 
of the experimental results, he is making a large number of critical 
assumptions that are based on some one or another philosophical pre- 
supposition. In the following analysis of psychological methodology 
we shall see how the more abstract tools of science are inextricably 
mixed with philosophy. 


The General Plan of Scientific Method 

The scientist selects a tentative explanation as the beginning step 
in his inquiry, and this tentative suggestion is taken as an hypothesis, 


wilieli directs the search for corroborative or negating facts. The 
hypothesis is merely a question and is usually quite narrow in scope. 
These hypotheses are piecemeal but not haphazardly so; each is a 
cpiestion recognized as belonging to a larger family of questions. 

An investigation is designed in such a way that it involves a direct 
analysis of all the major conditions of the hypothesis. Preferably 
the investigation takes the form of an experiment^ which is cari’ied out 
under rigidly controlled conditions during the systematic variation of 
one of these conditions in particular. These characteristics allow the 
reproducibility of the conditions under which a given experiment is 
performed. When experimentation is impossible, however, the inves- 
tigator may employ other methods. Psychological science is founded 
upon but not limited by the experimental method. 

If the results of the investigation are not controversial, the hypothe- 
sis may be confirmed (although not proved), and the next step 
involves tying together the results of a large number of scientifically 
tested propositions which have some system of relationship. The 
results of this last step may involve the formulation of a scientific law, 
which is only a type of mental shorthand by which a number of facts 
or relations are subsumed under one simplified statement. A natural 
law, then, is merely a resume of a longer and more detailed description. 

Another stage, although not an absolutely necessary one, is the 
organization of a theory to account for the laws. The laws, as well 
as the theories, represent generalizations from which formal deductions 
can be made. These deductions are then set up as hypotheses for 
further scientific investigation. A particular law or theory is thus 
tested objectively according to whether or not the things which it 
predicts (which may be deduced from it) are supported or discredited 
empirically. As more and more correct predictions are added for a 
particular theory or law, we say that truth is approached (not 
attorned) by the theory or law. 

The process of induction from empirical evidence alwa3^s involves a 
treacherous step because the evidence is never complete. In testing 
a certain hypothesis about human behavior, we can never stoty all 
humans but must obtain w^hat is believed to be a “representative 
sample from the hypothetical population of all humans. Generaliza- 
tions are thus of necessity made on the basis of partial evidence, and 
so they are made onl^^ as probable inferences. The degree of proba- 
bility — or confidence — that can be attached to scientific inferences 
differs from one to another, and to this extent the business of science 
is directed toward diminishing error in the general process of scientific 
problem solving. 

The scientific method becomes more than a mere circular game 


played by scientists when prediction directs investigation to seek 
something that has not been previously suspected. Furthermore^ some 
of the most spectacular achievements of science have been produced 
by the rather straightforward system of inducing a generalization and 
then deducing from the generalization. Good experimentation, then, 
is not a hit»or»miss affair or purely random trial and error, and this 
fact led Darwin to the pregnant statement, “How odd it is that anyone 
should not see that all observation must be for or against some view, 
if it is to be of any service.” 

Theory and experiment are the helpmates of scientific pursuit, 
theory suggesting the pattern of the maze, and experiment determining 
the blind alleys and the short cuts. Whenever such a maze is found 
to be composed only of blind alleys, it is modified or discarded, or at 
least it should be. To this extent the term science should be reserved 
to describe a body of verified knowledge^ and the most satisfactory 
criterion of science is in terms of the method of verification. Knowl- 
edge of facts without knowledge of the procedures to discover the facts 
does not constitute science, and this is especially true in psychology. 
Knowing about the behavior of people does not qualify one as a 
psychologist. 


Classification of Psychological Methods 

When we try to catalog the many methods of investigation in 
psychology, we find that there are several types of general methods 
and several types of more specific techniques. The various fields of 
psychological study have their own specific techniques of research. 
The more general methods, however, are not peculiar to the separate 
fields but are used as common property by all psychologists. These 
general methods of investigation may be broadly classified in several 
different ways; one classification scheme is as follows: 

1. Methods of selecting the individuals to be studied. 

2. Methods of controlling extraneous stimulation during the inves- 
tigation. 

3. Methods of instructing or directing the attention of the indi- 
viduals under investigation. 

4. Methods of presenting the stimuli. 

5. Methods of registering intermediate bodily changes. 

6. Methods of observing and recording overt responses to stimu- 
lation. 

7. Methods of analyzing and synthesizing the data resulting from 
an investigation. 
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Although there is some overlapping among tliese elassc's of metliods, 
each class pertains to humans or lower animals, to learning, sensory, 
motivational, motor, social, abnormal, child, personality, educational, 
or industrial investigations. This classifi.cation of methods is easily 
seen as depending to a considerable extent on the stages of the 
investigation. 

Another and somewhat old-fashioned type of classification is 
based on a differentiation between subjective and objective methods. 
Because of the nature of many psychological phenomena there has 
always been some concern about this differentiation. In so far as the 
direct experience of an individual is to some extent a private and 
subjective phenomenon, many of the methods used to sindj direct 
experience and mental processes are called subjective. The general 
technique for investigating these phenomena — ^thought, images, feel- 
ings, sensations, perceptions — ^lias been to ask the subject to report 
on these experiences, to introspect. This general type of observation 
has been distinguished from objective observation, which is not so 
dependent on the biases or judgments of the individual observer and 
better permits independent verification. Such a methodological dis- 
tinction has become of less importance with the growing realization 
that all the subjective methods can be handled with a considerable 
degree of objectivity and that all the objective methods have some 
of the characteristics of subjectivity. 

Still another and somewhat more fruitful classification of psycho- 
logical methods is in terms of the conditions of control and the pur- 
poses of the observations. The general methods may be characterized 
as experimental, differential, or clinical. These classes overlap only 
slightly, and a choice between them is usually made on the basis of 
the specific problem to be solved and the nature of the assumptions 
that are possible or advisable for a particular investigation.*^ 

EXPERIMENTAL METHODS 

Experimentation holds the central position in psychological science, 
as it does in all other sciences, for the reason that it best exemplifies 
the principles of scientific method [20, 22]. The experiment consists 
of objective observations of actions performed under rigidly controlled 
conditions. The hypothesis for investigation is chosen and is stated 
in such a manner that it can be tested rather completely. One factor, 

2 All three general methods may be used in any one psychological research 
project. For an example of the joint use of these methods in one series of inter- 
esting studies the reader is referred to [18]. 


the “causaF’ onej is usually varied through a predetermined range of 
values. In the more classical scheme, changes are produced in one 
variable at a time, and the effects of these changes are observed and 
measured or recorded while all other important variables of influence 
are held constant in their effects [2, 7]. 


The liidependenf and the Dependent Variable 

One manner of illustrating a typical design for a psychological 
experiment is shown in Fig. 1. This diagram indicates that a certain 
type of specified action, the dependent variable, is observed while it 
is influenced by arbitrarily produced changes in some specified stimu- 
lating condition, the independent variable. Other stimulating condi- 



Fig. 1. A diagram to represent the scheme of a psychological experiment 

tions that might influence the dependent variable are not allowed to 
vary during the course of the experiment; i.e., their influences are 
held constant. On the other hand, actions other than those of one 
particular dependent variable are quite naturally being carried on by 
the organism, and these are indicated by the lines Ri and E3. In some 
experiments measures of these other responses are recorded during 
the wdiole process, and under such conditions more than one dependent 
variable exists in the experiment. Such is the case in an experiment 
which is designed to determine the effects on both mood and efficiency 
(two dependent variables) of changes in oxygen content of the air 
breathed by the subjects in the experiment. 

Thus there is only one independent variable in an experiment of 
the classical design, and so we often hear of the law of the independent 
variable. This law states that we are to keep all causal factors 
constant except one, which is to be systematically varied while 
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observations of concomitant or successive changes in the dependent 
variables are made. Such a procedure rules out all other possibilities 
of producing in the results effects not attributable to the one inde- 
pendent variable. Certain systematic experimental designs are now 
available that enable the experimenter to employ more than one 
independent variable in a single experiment. A discussion of this 
important point will arise later. 

The foregoing description is not to be taken as indicating that all 
the factors involved in any experiment are under the investigator ts 
control. If the observations could be completely controlled, the 
experimenter would need to make only as many observations as there 
are degrees of change in the independent variable. This may be the 
situation in certain physical sciences, but certainly not in the behavioral 
sciences, where the behavior of the organism is quite variable and 
is influenced by a multitude of factors, both internal and external 
Because of the relatively great variability of behavior, it is necessary 
for the experimenter to obtain several observations under each con- 
dition of the experiment. An average tendency among the observa- 
tions for each level of the independent variable is then computed, and 
that average tendency is accepted as a more dependable and repre- 
sentative value for the dependent variable. 

Importance of Controls 

Many of the factors that would influence and modify the behavior 
specified by a particular dependent variable must have their influence 
removed from the experimental situation. Insuring adequate controls 
is one of the most important problems for the experimentalist to face. 
The influences of uncontrolled factors may obscure the results of 
experiments that would otherwise be critical, and yet psychology 
cannot exert control over all the possible sources of influence that are 
extraneous to the independent variable. The result of this seeming 
impasse is that all experiments must be repeated (replicated) and 
must produce consistency of results under a variety of conditions 
before they become accepted as demonstrating “facts.’’ The scientist 
must always be prepared to scrap his results whenever they are 
demonstrated to be untenable in the light of replication under more 
precise control. 

A Typical Psychological Experiment 

Before going further into the logic of experimental design, the 
reader is referred to Buxton’s dcscri])tion of an expeniment by Comds. 
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Ill Chapter 3, pages 73-75, the experiment is analyzed. Courts 
tested the hypothesis that there is a functional relationship between 
the degree of tension on the part of the learner and the efficiency of 
learning, and the description given of Courts’s study forms a good 
lesson in experimental design. The reader should study this descrip^ 
tion carefully before proceeding in this introduction. 


Functional and Factorial Experiments 

As a result of having carried out an experiment, the psychological 
investigator usually wishes to express a relationship between the 
independent and a dependent variable. Seeking for such concomitant 
variations is one of the most important endeavors in scientific work 
[6, 23], As a i-esult of this type of information science is able to 
understand causal factors and make predictions. 

Tlirougii experimentation we wish ultimately to establish statements 
of scientific law, or at least generalizations which approach the status 
of laws. The laws, our goal, express relations and thus become the 
model for an important type of experiment. A¥hen the researcher 
wishes to determine the functional relationship between two experi- 
mental variables, he first establishes the range of the independent 
variable within which he will experiment. As a next step he chooses 
■several values within that range and stimulates his subjects with each 
of these values (or under the conditions of each of these values) while 
he observes and records the resulting changes in behavior of a specified 
sort (the dependent variable). This general procedure identifies the 
experiment as being of the functional type, i.e., one in which a func- 
tional relationship is sought. Such was Courts’s experiment. 

Quite often, however, the researcher must cast about in a more 
exploratory fashion to determine factors that wall offer some chance 
of showing important and useful relationships. Instead of using 
several values along the independent variable, the experimenter may 
use only two, as in the typical experiment wherein a difference is 
sought between the presence and the absence of a certain feature. The 
results of such experiments as this do not indicate the functional 
relations between variables but do show whether the factor which 
has been changed produces any measurable change in the dependent 
variable. We may classify experiments of this second type as 
factorial^ Experiments of the factorial type are most useful as 

3 The term jactorial, as used here, is not to be confused with jactorial analysis 
(see pages 531-533) or with Jactorial design, a term used in certain kinds of statis- 
tical analysis. 
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preliminary stages in an experimental program; they are used mainly 
.to answer the. question what, whereas experiments of the functional 
type are designed to answer the question how. 


The Control-Test Method 

In order further to see how experiments are designed to answer 
psychological hypotheses, we may make another type of classification 
of experimental methods.^ One of these classes may be called the 
control- test method, which consists in the observation of performance 
under what may be called normal conditions and then again with one 
condition changed. The control-test method is an example of the 
factorial type of experiment at its simplest level. For example, visual 
acuity might be measured under ordinary conditions of illumination 
and then under the condition of glare. Actually the measure would 
be taken several times under each condition, but it would not be 
necessary to have two different groups of subjects for the experiment. 
The control-test method is sometimes called the method of difference. 

The control-test method is used wdien there is little or no practice 
effect or transfer from one condition of measurement to the other. 
Visual acuity is not changed by its measurement, although the process 
of measurement is usually novel or complex to the degree that it may 
take the subjects a few practice trials to learn to follow the instruc- 
tions and to give reliable reports. Such practice trials, of course, are 
not recorded. 


The Control-Group Method 

This technique consists in observing two equated groups of subjects 
who are performing under the same conditions except for the influence 
of one element. The scale of presence-absence of this one particular 
element represents the independent variable of the experiment and 
identifies it as factorial in type. The difference in performance 
between the two groups is the dependent vanable and is a function 
of the independent variable if all other sources of influence are 
eliminated. 

In this experimental design it is very important that the two groups 
involved have equal potentialities to begin with. In order to approxi- 
mate this condition the groups are equated; i.e., they are so chosen as 

4 This classification and analysis of psychological experiments has been sug- 
gested by T. A. Jackson [143. 
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to be at the same level of measured capacity on the variables that 
may conceivably affect the results, and ideally they should be equated 
for all characteristics which might bear on the investigation at hand. 
Because perfectly equated groups are a frank impossibility, the inves- 
tigator is usually content to equate for those characteristics which 
seem most likely to influence the dependent variable. 

An example of the control-group technique may be described in the 
following manner. The general hypothesis may be that practice in 
memorizing increases memory ability. Such an hypothesis defies 
direct experimental test, and so a more particular aspect of the general 
statement is chosen: practice in memorizing certain prose increases 
ability to memorize' certain poetry. In designing an experiment for 
an adequate test of this hypothesis, the first step is to select a group 
of subjects who are reasonably homogeneous in memorizing ability 
and do not differ from one another very much in intelligence. All the 
subjects are then given a test (the fore-test) to determine their ability 
to memorize poetry. On the basis of the scores from this fore-test, 
the subjects are divided into two groups such that the average poetry- 
memorizing abilities (as measured by the test) are the same. It is 
also desirable that the variabilities of the two groups be equal. One 
of the twm groups is now chosen as the experimental group , and a 
period of practice in memorizing prose is spent by this group. The 
other group becomes the control group and does not receive any of 
the practice on prose. Both groups are then given a final test on 
memorizing poetry. 

The following hypothetical data may be used to indicate the 
expression and treatment of experimental results that might accrue 
from this investigation: 



Fohe-Test 

Training Period 

Final Test 


(poetry) 

(prose) 

(poetry) 

Experimental group 

62 

■ 

79 

Control group 

62 


66 




Difference = 13 


The two groups w^ere equated at 62 (same measure of proficiency) on 
the fore-test, and the experimental group was 13 points better than 
the control group on the final test. This difference is now attributable 
to the effects of the training period on the experimental group, because 
the two groups were the same in most other important respects'. It 
is to be noted that the control group in’ this hypothetical experiment 
became slightly better (by 4 points) at poetry on the final test, 
presumably due to the practice administered in the very taking of the 
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fore-test. Therefore, we may assume that the experimental group 
likewise gained 4 of their 17 points as a I’esult of the practice afforded 
by the fore-test. 

The control-group method is used whenever it is possible that the 
function to be measured (memory in the experiment described) may 
change every time it is measured. That is, there may be and usually 
is some practice effect within the fore-test itself, and the only way to 
determine the amount of this unwanted practice effect is by the use 
of the control group. 


The Matched-Pair Technique 

The theory of the control-group method is applied to situations 
other than those involving growth or learning. When choosing two 
groups for the purpose of evaluating the effects of an independent 
variable, the investigator often selects the subjects in pairs, and this 
procedure is known as the matched-pair technique. In such cases 
the independent variable may form the basis of the selection. For 
example, an investigator may wish to determine whether bright chil- 
dren are more or less suggestible than dull children. This hypothesis 
is an interesting one and has been tested in a rather precise manner 
by Simmons [21]. Knowing that suggestibility may be influenced to 
a considerable extent by age and sex, Simmons chose children in pairs 
in such a \vay that the two members of each pair were exactly equal 
in age and were of the same sex. One member of each pair was dull, 
with an intelligence quotient below 90, and the other member was 
bright, wdth an intelligence quotient above 125. For our purposes 
we need not be concerned with the way in which suggestibility was 
measured. It will suffice to say that the groups were treated in 
exactly the same manner in the investigation and a numerical sug- 
gestibility score was obtained on each subject. Interestingly enough, 
the bright children averaged 30.7, and the dull children averaged 46.3, 
the latter being definitely the more suggestible. In this factorial type 
of study by Simmons the independent variable was intelligence, which 
she “varied” in the manner in which she selected her groups 

It is worth pausing for a moment to note that Simmons’ investiga- 
tion does not qualify as a real experiment, which necessarily involves 
the more purposive manipulation of the independent variable. It is, 
Iiowever, sometimes desirable, to turn to nature and find conditions 
that conform rather closely to what is wanted and so to utilize these 
conditions without further manipulation. In such cases selection may 
replace control. After all, intelligence is not a variable which we 
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can easily manipulate and vary, and therefore we must turn to indi- 
vidual differences for a scale, rather than to' a physical scale which can 
1)0 employ eel in tlie laboratory. 


The Practice Method 

This method consists in training the subject or subjects in the 
function to be used until no more improvement is made as a result of 
training or practice. After such a level of practice is reached, varia- 
tions in performance may safely be ascribed to variations in the 
conditions under which they are made. When a subject is used as 
his own control in this manner, it is obviously necessary to reach a 
high practice level before beginning the experiment proper. The 
practice method is not frequently used in experimentation because a 
great deal of time is required for each subject, thus making it difficult 
to obtain a very large number of subjects; also the method is obviously 
not suitable for studies that pertain to the early stages of the learning 
process. These factors that weigh against the general use of the 
practice method clearly indicate a central problem in experiment- 
ing on organisms; i.e., the organism is subject to change by the 
very measurement process itself — a feature especially peculiar to 
psychological experimentation. 


The Rotation Method 

The rotation method consists in presenting two or more stimulation 
situations to the experimental subjects in as many sequences as neces- 
sary to control the serial effects of fatigue or practice. For example, 
if we wished to determine the relative influence of two specified 
conditions, A and B, on a group of subjects, we would no i measure 
all the subjects under condition A and then under condition B. Con- 
dition A might so fatigue or train the subjects that the measures under 
condition B would not be independent of the fatigue or training 
effects— another case in which the measuring process changes the 
behavior. We would thus be faced with two alternatives. We might 
obtain half the measures for condition A, all the measures for condition 
B, and then the other half of the measures for condition A. This 
technique is sometimes called the ABBA order or counterbalancing. 
Another alternative is to separate the subjects into two equated groups, 
one of which receives treatment A and then B, whereas the other group 
receives treatment B and then A. Both sets of A results and both 

IS 


sets of B results may then be combined, and the difference between 


them calculated. 

The purpose of the rotation method in experimental design is fairly 
obvious. The advantage or disadvantage of placing one condition first 
in the sequence is balanced for the two conditions. An assumption is 
made in this logic, however, to the effect that the transfer effect from 
condition A to condition B is the same as from B to A. This assump- 
tion may or may not be sound, and it is probably made more often 
than is justified. At any rate, the rotation method should be applied 
only with some caution, and it is usually a compromise method. 
Ideally, large groups of carefully equated subjects should be used in 
an experiment, one for one condition and the other for the other con- 
dition. The rotation method, however, is usually resorted to wdien 
only a limited number of subjects are available, and with this method 
all the subjects are measured under all the conditions; the two groups 
are equated because they are the same persons. This assumption, 
however, may be a delusion because a subject is not the same after he 
has had a certain test— he may learn important elements or attitudes 
for the next test. 

Let us briefly go through a typical situation in wdiich the rotation 
method is employed as a group demonstration for classes in experi- 
mental psychology. Using the hypothesis that the three typical 
methods of measuring retention of verbal material give different 
results, we choose three lists of nonsense syllables in such a way that 
the three lists are of equal difficulty. (This equality can be obtained 
from lists published for the purpose.) Calling these lists A, B, and C, 
we have a large group of subjects memorize the lists in the order 
ABC and under standardized conditions. For each subject ive obtain 
a score on each of the three lists, and three scores are then averages 
for each pei*son. We send the subjects away with the admonition 
that they should not rehearse the material in any way and that they 
should return to the laboratory at a designated time in the future. 

From the set of scores we equate three groups of subjects, I, II, and 
III, such that they are equal in their demonstrated ability to memo- 
rize the material. When the subjects return for further observations, 
we instruct them in such a way that the different groups take the 
retention measures in the following manner: 


Group I 

Recall test on list A 

Relearning on list B 

Recognition test on 
list C 


Group II 
Recognition test on 
list A 

Recall test on 
list B 

Relearning on list C 

H 


Geotjp III 
Relearning on list A 

Recognition test on 
list B 

Recall test on list C 


Note that all three measures of retention occur in all three orders. 
Thus no method of measurement gets more practice or fatigue effect 
than any other when we combine the data for analysis. We pool the 
data simply by taking all the scores on recall together, those on 
recognition together, and those on relearning together. Remember 
that the lists were equated before the investigation began. 

As a general result, in analyzing the data from such an experiment, 
we would probably find that methods of measuring retention differed 
and that recognition produced highest scores, relearning next highest, 
and recall lowest. In such an experiment the lists might be made up 
of different types of materials: one list of related words, another of 
unrelated words, and the third of nonsense syllables. Our retention 
tests would probably then indicate that the list of related words is 
retained best and the nonsense syllables least. An additional question 
of interest would then be whether there was considerable interaction 
between one of the lists and one of the measures of retention. For 
example, we might find that recalling the related words was relatively 
a very easy task, although recall in general did not produce high scores. 
This problem of interaction can be approached with proper experi- 
mental designs and is becoming an important aspect of experimentation 
in psychology [9]. 

If the lists of nonsense syllables were not equated in this experi- 
ment or if the lists were made up of different materials, a more 
complicated experimental design would be needed, and we would 
probably have our groups of subjects do different things. A charac- 
teristic to note in such a case as this is the possibility of interaction 
between a certain type of material and a certain method of measuring 
retention. 

Notice that in the foregoing experiment two independent variables 
were involved and were active in conjunction with one another. This 
appears to contradict the statement made earlier to the effect that we 
employ only one independent variable at a time in an experiment. 
There are, however, some new types of experimental designs based 
on concepts that differ rather radically from the classical ones as to 
the number of inquiries that should be included in a single experiment. 
In the newer experimental designs all the factors to be tested are 
varied concurrently in all possible combinations. Such complicated 
experimental designs are really extensions of the rotation method 
and are based on a statistical method called analysis of variance 
[9, 13] . These techniques allow much greater efficiency than the classi- 
cal technique of the single independent variable. 


15 


Artificial Characteristic of Experiments 

A meaningless criticism has frequently been directed against experi- 
mental methods as used in psychology. This criticism is to the effect 
that real human behavior, the kind of everyday behavior that we 
wish to understand, occurs outside of laboratories, and when it is 
studied in the laboratory under the usual conditions of rigid control 
and precise measurement, it is not the same behavior. This statement 
is of course quite true, but the experimentalist does not take it as a 
serious criticism because he actively seeks for .stringent and artificial 
conditions, rather than attempting to avoid them and study '‘daily 
life’’ behavior as it occurs. 

Because of the extreme variety and complexity of behavior and of 
the forces which influence it, no one would be abk to establish a 
science of behavior by trying to study it under "normaF’ conditions. 
Whenever we begin a behavioral investigation, normal conditions do 
not exist because the measurement situation (even the interview situa- 
tion) is not "normal.” As stated near the beginning of this chapter, 
scientific hypotheses are necessarily quite limited in scope. It is only 
by the piecemeal selection of a few very limited aspects of behavior 
at a time and by carefully planned and intensive analysis of those 
limited aspects that successive investigations may allow us to construct 
a picture of behavior such that we may understand it, describe it, 
predict it, and control it. In all this work there is an obvious error 
of fractionation^ but the error is important only when laboratory 
conditions are incorrectly thought of as counterparts of daily life 
activities. , 

Woodworth [24] has stated an analogous situation in the history of 
physics (the experimental techniques of which science are more easily 
"acceptable” to the layman). In order to test the law of falling bodies 
with adequate precision and control, objects of different mass are 
dropped simultaneously in a vacuum. The counterpart of this situa- 
tion would be very unusual if it occurred in nature: what is more 
"unnatural” than a vacuum? 

There are, of course, psychological methods of investigation which 
are not so rigorous nor quite so artificial as experimentation. The 
psychological investigator therefore must be acquainted with the 
other techniques that may be applied to problems that temporarily 
defy laboratory experimentation. The second major class of psycho- 
logical methods of investigation is called differential, and these 
methods will be seen to meet more nearly some of the objections 
leveled at the experimental methods. 


16 


DIFFERENTIAL METHODS 


Non-experimentai Variables 

The class of methods called differential includes those systems of 
techniques which employ individual dijferences as variables of inves- 
tigation. An example of such use has already been described on 
page 12 in the investigation of Simmons. In such studies there 
usually is no purposive manipulation of the independent variable; 
the investigator merely chooses his subjects according to certain 
criteria, and the measurements on the subjects themselves form the 
variable or variables for the investigation. The criterion of selection 
of the subjects may become the independent variable for an investi- 
gation (intelligence, in Simmons' study), but it is to be noted that this 
variable is not under the full control of the investigator, to be varied 
up and down a given scale at will and with full freedom. 

At first view the above differentiation between experiments and 
differential methods may appear quite artificial, and it is true that 
ail psychologists will not agree to such an apparently artificial 
classification scheme. Nevertheless, it should always be made clear 
that the independent variables resulting from individual differences 
are never under the investigator's control to the same degree that 
experimental variables are. Also the scales are different in kind. 

Although the experimental methods are more precise and the infer- 
ences made from the results of these methods have greater likelihood 
of validity and can be more easily verified, it cannot be said that they 
are always more desirable than the differential methods. Experi- 
mental methods establish the model of objectivity for the other 
methods of psychological investigations, but experiments obviously 
cannot be devised for all the problems that are raised in the hetero- 
geneous subject matter of psychology, as will be seen in a perusal of 
the various techniques described later in this book. 


Correlational Methods 

It is easily seen that most correlation studies in psychology fall 
into the class of differential methods. The major studies of intelli- 
gence and aptitudes (Chapter 17) and personality (Chapter 18) and 
a large number of those on social behavior (Chapter 22) are therefore 
classed as differential investigations. In these studies the psychologist 
takes people as they arc and studies what they do, usually without 
changing the conditions under which they respond to the 'ffests" or 
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perform the desired tasks. (If the conditions are changed, the situa- 
tion becomes more like an experiment.) The subjects will naturally 
differ from one another in their behavior, and the investigator is 
usually seeking concomitant variations in other ways in which they 
behave. 

The importance of this general technique for purposes of prediction 
can easily be seen from a few simple examples. It is quite important 
to be able to predict wdiat kind of work each person can do best in 
order to produce the most efficient matching of workers with jobs. 
Attempts at solution of this problem are handled mainl}?' by correla- 
tional techniques, in which workers are rated in terms of success on 
the job, and these ratings are correlated with a number of test scores 
on the same workers. Those tests that produce the highest eorrela- 
tions with the ratings of merit are then employed in the screening of 
others for the job in question. Other persons may now be given the 
same tests, and those who score highest on them will be judged as 
having a higher likelihood of performing efficiently on the specified 
job. More detailed descriptions of this type of work with aptitude 
tests will be found in Chapter 17. 

The foregoing is an example of the use of correlation procedures 
in analyzing related scores, and the literature of psychology contains 
thousands of published studies on these problems. Another general 
type of application of the correlation method is directed toward the 
nature-nurture problem in psychology and involves studying pairs of 
persons who are genetically related. The score of one member of a pair 
is plotted against the score of the other member, and this is repeated 
for successive pairs. Most studies of this general sort indicate that in 
terms of intelligence test scores identical twdns correlate quite highly 
(.90), fraternal twins less (.70), and siblings still less (.50), while 
relations as remote as grandparent-grandchild correlate hardly at all 
(.15). Such correlation studies as these on related pairs are really 
quite inadequate because of the presence of another correlating vari- 
able: similarity of environmental conditions during early development. 
The studies do, however, constitute examples of how correlational 
analyses are applied for the purpose of testing reiations other than 
between one mental test and another. 


The Longitudinal and the Cross-sectional Approaches 

The problem of mental growth is a good one to illustrate the differ- 
ential methods in studying concomitant variations. In investigations 
on this problem mental progress, as measured by some type of test, 
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is observed and cliarted. There is no attempt on the part of the 
investigator to alter the normal course of development because it is 
the normal trend that is to be discovered. This general technique 
obviously raises an important issue, in which the investigator must 
choose W'hether to retest a group of individuals at successive ages, the 
longitudinal apjifoach, or to test different age groups at the same time, 
the cross-sectional approach. Each of these approaches offers its 
own peculiar difficulties [1, 10]. It is enough for our purposes here 
merely to indicate the general nature of the differential technique in 
contrast to the experimental approach. The experimental approach 
has no way of giving information on the general problem of mental 
growdh, although certain more limited hypotheses concerning such 
growdh may be studied experimentally. The issue in this case is that 
both age and mental ability go along wdthout our being able to do 
much direct manipulation of either of them. The investigator merely 
takes things as they are and determines the relationship betw^een two 
specified natural phenomena. In order to study the differences 
between males and females in terms of certain psychological or 
physical traits, differential methods must also be applied. We most 
certainly cannot experimentally vary the sex of the human subject. 

The crosS“Sectional approach has become an extremely important 
technique in an active democratic society. By its use determinations 
may be made of such phenomena as the morale effects of certain gov- 
ernment policies, of electioneering effects, of food habits during critical 
shortages. 


General Statistical Methods 

The differential methods have often been called statistical for the 
reason that statistical techniques become the major devices for study- 
ing individual differences. This fact can be seen from a brief listing 
of the more important characteristics of statistical methods: (a) 
efficiently describing masses of data in terms of relatively few" numer- 
ical expressions, (b) expressing the relationships between variables, 
(c) allowdng the extensions of scientific inferences to be tested under 
conditions of mathematical exactness. 

The commonly noted relation between differential methods and 
statistical techniques does not mean that statistics are not considered 
important tools to be applied in experimental methods. The data 
that result from experiments are expressed in mathematical form, 
and statistical analyses are applied to these data in order to exhaust 
all the useful information from them. '' It is also through statist!- 
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cal methods that the most efficient experimental designs have been 
derived [8]. 


CLINICAL METHODS 


The clinical methods have a different frame of reference from the 
experimental and differential methods in psychology. The word clinic 
originally referred to “something pertaining to a bed/’ and it has been 
extended to mean “directed toward the individual.” Whereas the 
experimental and differential methods have been established to ascer- 
tain facts which transcend the individual case, the clinical methods 
are directed less toward investigations of general behavioral facts and 
more toward individual appraisal and adjustment. 

No attempt will be made to elaborate upon clinical methods at this 
point because these techniques and their applications are thoroughly 
described in Chapter 19. The reference to clinical metliods in this 
introductory chapter serves mainly to indicate a third and important 
general class of psychological methods. 


ORGANIZATION OF THE CHAPTERS THAT FOLLOW 

The plan of organization of the chapters in this book is fairly 
obvious and seems to represent a logical form. The chapters on 
acquiring behavior changes — learning and thinking — cover the major 
types of investigation in these fields and indicate how the central 
problems have been attacked by properly devised metliods and 
techniques. 

The next section of the book is devoted to the topics of reception. 
Because of the psychological nature of measurement in sensory 
and perceptual research, this section is introduced by a chapter on 
psychophysics. The chapter on methods of studying perceptual 
phenomena was placed next because of the excellent discussion of the 
methodological relations between perception and sensation. Further- 
more, this chapter serves as a bridge between the psychophysics and 
the psychophysiology of sensation. 

The chapter on animal behavior represents a transition of subject 
matter. It takes its present position because it serves as an indicator 
of how the learning and reception techniques are applied to lower 
animals, and it introduces the topic of motivation at a lower level. 
The next section, containing chapters on motivation and emotion, 
recording action, neurophysiological and other bodily functions, and 


motor functions and efficiency, discusses the methods of psychology 
which have been applied to solving the significant problems of response 

iiieclianisms and tendencies. 

The last section of the book is devoted to descriptions of the 
important methods of studying individual differences in the more 
specialized domains of psychological investigation. Here the non- 
experimental methods of psychology are seen in their important 
relations to investigating and appraising various capacities and traits 
of people classified in different manners. 


SUM/AARY 

In this introduction we indicated some of the causes in the develop- 
ment of the scientific method and also some of the characteristic 
features of scientific method in the steps intervening between investi- 
gation and theory. A rather crude classification of psychological 
methods was made, and the more important features of each of the 
three types were described. In experimental methods the charac- 
teristic features of the independent and dependent variables were 
discussed, and the difference between “factorial’^ and “functional’’ 
experimentation was evaluated. Some of the basic forms of psycho- 
logical experiments were analyzed as (1) the control-test method, 
(2) the control-group method, (3) the matched-pair method, (4) the 
practice method, and (5) the rotation method. 

Differential methods were characterized by their dependence on 
individual differences for the variables under investigation, and clinical 
metliods by their individual-centered interests. Some of the inter- 
relationships between the different classes of methods were shown, 
and it is hoped that the student will become more and more aware 
of this characteristic of interdependence among the psychological 
methods as he studies the topical chapters of this book. 
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Chapter 2 


Conditioning and Motor Learning 

By W. X Kellogg^ 


The ability to modify and improve its behavior with practice is one 
of the greatest assets of the living organism. In fact, life, as we know 
it today, would be impossible if man— and other animals— were unable 
to “benefit by experience.” The manner in which the changes in 
behavior which w-e call learning take place is consequently of primary 
importance to the psychologist, and the scientific study of the process 
of learning is one of the major divisions of experimental psychology. 
Since new things are likely to be discovered only by accident or 
chance — unless one knows beforehand just where and how to look for 
them — it follows that the methods and procedures for revealing the 
facts of learning are basic to an understanding of the process itself. 


THE MOTOR LEARNING EXPERIMENT 
The Nature of Motor Learning 

A large part of the information which we now possess about learning 
ability has come from experiments on animals. Rational learning, 
dealing as it does wuth verbal or linguistic material, can be studied 
only in human subjects who are capable of verbal behavior. Motor 
learning, or perceptual-motor learning, however, since it confines itself 
to the learning of non-verbal tasks, can be observed not only in adult 
humans, but also in animals of almost any kind, in babies, and in other 
humans in which speaking or linguistic ability has not yet developed 
or for some other reason is lacking. Most of the research on condi- 
tioning, although usually treated as a field in itself, belongs properly 
under the heading of motor learning. 

1 Professor of Psychology, Indiana University. 


Even though all learning is fundanieiitally the same, we can think 
of motor learning, therefore, as somehow more primary and elementary 
than rational learning. It is broader or more comprehensive in that 
(a) it deals with any non-lingiiistic task, and ib) it can denmm 
strated in a variety of organisms. In a way it underlies the study of 
other more complex psychological processes. 


Preparation for the Learning Experiment 

Before any actual experimentation on learning is attempted in the 
laboratory, the motivation of the subject or subjects must be provided 
for. The learning organism must be given some reason for going to 
work on the problem to be mastered. An animal may be rewarded 
in his solution of a problem in learning by food, if he has previously 
been made hungry, or by wmter, if he has previously been made thirsty. 
Or, the apparatus may be heated, cooled, or charged with a w’eak elec- 
tric eiUTent, and the organism can avoid these difRciilties only by 
solving tlie problem and escaping the pimishment. 

In the human subject, the motive is likely to be a social one, altlioiigli 
he can also be motivated by concrete incentives. Candy is effective as 
a reward for young children, and money as a reward for adults. The 
Avords “right” or “wrong” may be said by the experimenter when the 
subject makes correct or incorrect responses. More often, the social 
approval of a task well done, and the social disapproval of a task 
poorly done, are sufficient without other special incentives.^ 

A further prerequisite to the study of learning is the matter of 
preliminary adjustment or adaptation. If one intends to observe the 
learning organism at its best, he must certainly prepare it in some way 
for the task which lies ahead. Adaptation for the human subject 
consists in explaining just what he is to do, and in pointing out the 
essential parts of the apparatus or equipment to be used. In order 
to hold conditions eonstant for all subjects, each may perhaps be 
read or asked to read a printed set of instructions. The subject can 
hardly be expected to start on a problem without some idea of the 
nature of the task. 

The adaptation of the animal subject is by no means so easy and 
usually requires considerably more time. Since verbal explanations 
are out of the question, an effort is made to have the organism 
familiarize himself with the apparatus and the general situation by 
repeatedly bringing him into contact with them. Once or more daily, 
for several days before the learning experiment is begun, the subject 

"2 For a more complete discussion of this topic see Chapter 13. 


is placed inside the experimental box or other equipment and allowed 
time to run around and explore it. Throughout these periods of 
initial adjustment he is not motivated as he will later be during the 
process of actually mastering the problem. In this way he should 
become w ell enough adapted to the new surroundings to be willing to 
work when properly motivated. If some such method is not followed 
at the beginning, the rate of learning will be slower and less efficient. 


Design of the Learning Experiment 

After these preliminary conditions have been satisfied, the learning 
experiment itself can begin. The general procedure of any such 
experiment is to observe and record the activity of the subject while 
he practices the task he has been given to master. In order to be 
capable of quantitative study, the learning task should be of such a 
nature that the speed or efficiency of performing it can be measured on 
every trial. The total number of trials or repetitions which are neces- 
sary for mastery will depend both on the nature of the task and on 
the ability of the subject. If the task is difficult and a great many 
trials are required to learn to perform it skillfully, these trials may be 
regularly spaced over a period of days, weeks, or even months, as the 
case may be. 

We should distinguish clearly at this point between (a) the problem, 
task, or result which the subject accomplishes on every trial, and (b) 
the method or means by which he performs the task or achieves the 
result. The former is set by the nature of the experiment. It is the 
latter which gradually changes in the direction of greater efficiency 
as the subject learns, and which is observed and recorded by the 
experimenter. 

The dependent variable in the learning experiment is therefore the 
subject’s method of solving the problem or of performing the learning 
task, measured in terms of his score per trial. The independent 
variable is the number of trials or the stage of practice. Until the 
subject has reached the limit of his ability, the more advanced the 
stage of practice, the better should be his skill in the solution of the 
problem, except for minor fluctuations. 

When' he has attained some previously determined level of skill or 
cfficiencj' in his method of performing the task, the subject is said to 
have reached the critCTion of masteTy. The criterion of mastery 
may be in terms of the number of solutions within a given numbei 
of attempts, for example, four solutions in five consecutive trials. 
Or, it may bo in terms of time, such as ten consecutive solutions, 
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all under one minute each. The attaining of the criterion of musterv 
by all the subjects marks the completion of the laboratory work on 
the experiment. The data are then ready to be analyzed and trcateil 
mathematically. 


Equivalent Groups in the Learning Experiment 

The mere demonstration of whether a particular organism or class 
of organisms is capable of learning how' to perform a given task is iiotj 
as a rule, the object of a learning experiment. More often tiie 'purpose 
is to discover the effect of some -special condition upon the learning 
ability of the subject. For example, one may wish to know how 
great an improvement in the speed of learning will result from giving 
help, assistance, or guidance during the early trials. Or onets purpose 
may be to ascertain wdiether a year of training in playing the piano 
will facilitate or inhibit the subsequent learning of typewriting. 
Experiments like these — and, in fact, many investigations in the field 
of learning — require the use of a control group as w'ell as at least one 
experimental group of subjects. In order to be certain that an increase 
or a decrease actually occurs, as well as to measure the extent of the 
increase or decrease, it is necessary to have a standard or norm of 
performance, such as the rate of learning without guidance or the rate 
of learning without previous piano playing, with wdiicli to compare 
the learning of the experimental subjects. The results of different 
but equivalent groups- — one learning under normal or average condi- 
tions and the other (or others) learning under special experimental 
conditions — are then directly comparable. 


AAAZE LEARNING 
The Animal Spatial Maze 

Undoubtedly the most widely used device for the study of motor 
learning is the spatial maze, or labyrinth. The typical maze has a 
starting point or entrance compartment, an exit point or goal com- 
partment, and from two to twenty blind alleys or cul-de-sacs. The 
problem of mastering the maze is one of recognizing and avoiding the 
blind alleys in which the subject may go astray. What the subject 
learns is how to get from one place (the entrance) to another place 
(the goal) in the shortest possible time and wdth the smallest number 
of unnecessary responses (blind-alley entrances). His method of 


getting from tlie entrance to the goal improves upon successive trials 
by the gradual elimination of the different alleys. A large variety of 
ioriiis and patterns of mazes have been employed in experimental 
studies of motor learning. See Fig. 1. 



Fig. 1. Modifsed Warden muItiple-U stylus maze with six blind alleys* 

S is the starting or entrance compartment, and G the goal. (Cf. [42]. Reprinted from J. Comp. 
PsychoL, 1935, 19, 124, by permission of the editor and publishers.) 


With respect to animals, spatial mazes fall naturally into the two 
general classes of enclosed and elevated. An enclosed maze, as the 
name implies, has sidewalls and usually a cover of wire mesh or glass 
to prevent the organism from climbing out over the sides [43] . The 
elevated maze has no sides or top but is raised from the floor to such 
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a height that the animal will not 'jump off. An elevated maze can he 
made by cutting the design from -a fiat piece oi sheetmetal and hanging 
it by rods from the ceiling. Another way to make an ('!c-vaieo maze 
is to stand boards on edge or on end Some mazes oi ihis ^o:■T IvdXk^ 
true pathways and blind alleys supported by a series c.t posts, or 
columns^ not unlike the stanchions of a long bridge f291. 

The Spatial Maze for Humans 

For human subjects the full-sized ienclosed) maze, althoiigh occa- 
sionally employed, gives no better results than the smaller stylus 
maze, the finger maze, or the paper-and-peneii maze, any one of which 
can be substituted for it. The stylus maze is essentially a slot cut in 
a piece of plywood or a fiat metal plate [42]. The subject sits at a 
table or desk upon which the maze is laid, places the stylus in the 
entrance or starting point at one end of the slot, and manipulates tlie 
stylus with his hand until he succeeds in finding the goal at the other 
end of the slot. Unless such a maze is very long and complex, it must 
be concealed in some way — either by a screen or by blindfolding 
the subject — in order to force him to discover and remember the 
movements wdrich are necessary to push the stylus along the true 
pathway. 

The finger maze is like the stylus maze, except that the pathway 
is raised rather than cut out of a flat surface. Such a maze can be 
made by fastening ware or small copper tubing, wdiich is bent in the 
right pattern, to a board. No stylus or other accessory device is 
necessary wuth the finger maze. The subject places the end of his 
index finger on the raised pathway and feels his w^ay along. 

In the paper-and-pencil maze, the design is simply printed on a 
sheet of paper. The subject must be given a new sheet or copy of 
the maze on every trial. Obviously he cannot w’ork blindfolded in 
this instance. The pattern or pathway of the paper-and-pencil maze 
must therefore be considerably more complex than that of other human 
mazes. If it is not, he will see at a glance where to move the pencil 
and will not be presented with a genuine problem in learning. 

Conditions of Maze Learning 

Since maze learning is essentially place learning, or the learning of 
the position of certain objects in space, the influences \vhich contribute 
to this learning have a bearing on similar learning of other kinds. 
Cues of whatever sort, both from inside and from outside the maze 


itself, are likely to be seized upon by the subject if they can tell iiiin 
anything about his location. If a maze is rotated through 180 degrees 
so that the extra-maze stimuli now reach it from a different angle, 
the animal subject is seriously disturbed and makes more errors on 
trials immediately after the change than he did on trials before it 
1 4, 40]. Such cues as the position of an electric light within the 
room may be important in the learning of a particular direction 
[39]. Removing a bright spot in the field of vision by covering a 
window, without in any way altering the maze, may similarly affect 
performance [4]. 

Long before the subject has eliminated all the blind alleys, he 
seems to have developed a kind of orientation in the direction of the 
goal. This is shown by the fact that he tends to turn toward the 
goal whenever the opportunity presents itself. As a result, the alleys 
which point goalward are entered more frequently than those which 
point away from the goal [37]. The subject learns the general 
direction in which he must go before he learns the details of the 
pathwa^n 

The tendency to enter any particular blind alley may also be influ- 
enced by the shape of the portion of the maze which the subject has 
passed through before arriving at that alley. If the organism has just 
made one or more turns to the left, the chances are that at the next 
choice point he will turn to the right, somewhat as if he were thrown 
outward by the centrifugal force of the last previous turn. This 
tendency, known as centrijugal swing, further complicates the regular 
elimination of errors [1, 45]. 

One theory of the order of elimination of alleys in a maze is the 
goal gradient hypothesis of Hull [14], This view maintains that the 
first alleys to be learned (eliminated) are those nearest the goal, and 
that the order of elimination of the remaining alleys proceeds 
backward from the goal to the entrance compartment. It has been 
clearly demonstrated, however, that not all mazes are learned in this 
manner [42]. 

Ideally, the alleys in a maze should be of “equal difficulty.” This 
means that they should all point in the same direction, should all be 
of the same length, and should all leave the true pathway at the same 
angles Such recjuirements are difficult to achieve in actual practice, 
ft is Dovei-theless clear that inodifications of maze designs produce 
many important effects on the rate of learning and that these modifica- 
tions can wall be used as methodological factors in experimental 
studies of maze learning. 


OTHER MOTOR LEARNING TASKS 


Different Kinds of Pathways 

A case of learning to follow a pathway quite different from that of 
the spatial maze is afforded by the so-called temporal maze. Tiie 
temporal maze has no blind alleys, and the pathwat^ is a coiitinuous 

circuit without a beginning or an 
end. In this respect it is similar to a 
figure 8. See Fig. 2. There is a 
designated place where the subject 
must start, and he may also end at 
the same place; i.e., the starting 
point and the goal are usually one 
and the same. In order to solve the 
problem the subject must go over 
the same portion or portions of the 
maze more than once, in a certain 
predetermined order. The essen- 
tial thing that he learns is the 
sequence or arrangement in which 
he must traverse the parts. 

Hunter [16, 17], who first used 
the temporal maze, required that 
his laboratory animals cover a 
pathway like a rectangular figure 8 with square corners, by going 
around one half of the 8 twice and the other half of the 8 twice in the 
order llrrllrrlL Until an animal had learned this sequence, he had not 
mastered the problem. The maze was therefore called a temporal maze, 
and this particular problem the double-alternation problem. It should 
be obvious that tasks of almost any degree of complexity can be set 
up with a temporal maze. The difficulty depends upon the number of 
repetitions which the experimenter requires for each half of the pat- 
tern and the order or sequence in which they have to be run. 

The Mirror-drawing Task 

The mirror-drawing task is still another application of the problem 
of learning to follow a pathway, but with additional complications 
[36] . In contrast to the alternation problem, which has been employed 
mostly with animals, the mirror- drawing method can be used to study 
learning only with human subjects. It is incidentally a task which is 
likely to prove particularly baffling to the neophyte. As the problem 



Fig, 2. The Hunter elevated tem- 
poral maze. 

(From W. S. Hunter. The sensory control of 
the maze habit in the white rat. J. Genet, 
Psychol., 1929, 36, 527. Reprinted by per- 
mission of the editor and publishers.) 


is ordinarily arranged, the subject is required to follow with a pencil 
a patlway made by two parallel lines in the shape of a six-pointed 
star. A small screen prevents him from seeing, in direct vision, the 
star, the pencil, or his hand. He can view these only in indirect 
vision, through a mirror. As a result, every movement he attempts 
is reversed, and what appears at first to be ridiculously easy turns 
out to be a difficult and often an irritating task to learn. The subject 
must break down his long-established visual-motor habits and move 
the pencil exactly the opposite from the accustomed responses he 
would make to such a visual stimulus. 

Puzzle Solving 

Practically any non-language task can be adapted to the scientific 
study of motor learning, provided that the performance of the subject 
from trial to trial can be accurately measured and recorded in some 
quantitative wmy. Puzzles of various sorts meet this requirement, 
since it is always possible to measure the time necessary to solve a 
puzzle on any given attempt. Animal puzzles, in the form of the 
problem box or puzzle box, have proved to be a favorite device with 
many investigators. 

The method of the puzzle-box experiment is to place a hungry animal 
inside a cage or box and to place food on the outside. Or, the reward 
may be inside the box and the animal on the outside. The subject 
must then get out of or into the box in order to solve the problem. 
The trick or puzzle which it is necessary to learn may consist of 
uncovering a doorway concealed beneath a pile of sawdust, pulling a 
string which operates a latch and opens a door, stepping on a little 
platform or on several platforms in a certain sequence, pressing a 
lever, turning a knob, or pushing against a vertical rod or pole. As 
ill human puzzle-solving, the quantitative data are the times of solution 
on the different trials. 

The Skinner box, a modified version of the traditional problem box, 
does not permit the animal to escape at all [35]. A little pellet of 
food is automatically delivered into the box each time the animal 
presses a lever. Since each of the pellets is much too small to satisfy 
the subject’s hunger, he will learn to make a series of repeated 
responses over a period of time. What is measured in this instance is 
usually the rate of responding or the frequency of lever pressing, rather 
than the time required for each individual response. The Skinner 
procedure may be thought of as a technique which bridges the gap 
between the problem-box method as originally devised and the classical 
conditioned-reflex method [49, p. 107], 
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Special Human Problems 


Among the problems exclusively for human subjects which are of 
value in the study of motor learning are tasks which develop accuracy 
in shooting or aiming. Here should be classified archery, dart throw- 
ingj and tossing balls at a target. In these cases the performanee of 
the subject is measurable in terms of the distance by which the missiles 
fail to hit the bull’s-eye. Improvement in speed and accuracy caii 
be nicely measured in the card-sorting experiment^ wdiere the subject 
learns to arrange cards into piles according to a predetermined order. 
Learning to juggle rubber balls is similarly subject to quantitative 
study, as is the development of skill on the piirstiit-rotor or piiTsiiit- 
meter. With the latter apparatus the subject follows some sort of a 
moving object, such as a swinging pendulum or a small spot on the 
surface of a rotating phonograph disk, with a pointer or stylus. His 
eye-hand coordination -will gradually improve with practice, just as 
performance does in learning a maze. 


SUDDEN OR IMMEDIATE MOTOR LEARNING 
The Umweg Method 

The methods of studying learning wLich have thus far been dis- 
cussed are often described as methods of studying trial-and-error 
learning. The subject works long and hard at the problem, usually 
making many mistakes, and achieves efficiency only through dogged 
persistence. There is never any possibility of a quick or immediate 
solution. 

An entirely different sort of learning situation is one wdiose solution 
depends upon some principle or method which the subject seeks to 
discover. After he has discovered the principle, he can solve the prob- 
lem or perform the task perfectly upon every attempt. Before the 
discovery of the principle he may not be able to solve it at all. Mas- 
tering the problem consists in grasping the principle or method upon 
which its solution depends. Usually the understanding of this prin- 
ciple dawns upon the learner suddenly, like a hunch, a bright idea, or 
insight. Whether a given problem can be solved in this fashion 
depends primarily upon the nature of the problem itself. Generally 
speaking, complex tasks cannot be solved abruptly. Easier tasks, if 
they are of the right sort, stand a greater chance of being solved by 
insight. They must be suited, however, to the ability of the particular 
learning organism, whether animal or human. 


One of the siiiipler methods for the study of sudden ieaniiiig is the 
Umweg or detour method. The essential of this procedure is the 
placing of some sort of block or barrier between the subject and the 
goal he is trying to reach [25, 26]. As a result, he can get to the goal 
only by going under, over, or around the barrier. He must find some 
previously untried roundabout way to reach a place which was 
formerly directly accessible to him. It is a ease of the longest way 
around being tlie sliortest way home. When the subject starts on 



Fig. 3. The plan of the detour experiment described in the text. 

The door is open (in position of broken lines) in the early trials but is closed in later critical trials. 


his roundabout pathway, he may actually have to move in a direction 
away from tlie goal. In other w'ords, he goes toward the goal by 
starting to go away from it. This is a difficult sort of response for 
lower organisms to make. 

A detour situation which works well with a young baby is illustrated 
in Fig. 3. The baby is allowed to proceed directly from the starting 
point to the goal for several trials. He goes in a straight line through 
a small passageway which can later be blocked. After he has com- 
pleted several such runs and has been appropriately rewarded, the 
door to the passagew’-ay is suddenly closed. Now the only way to get 
from the starting point to the goal is by moving sideways from the 
doorway, around the barrier. If he solves the problem, he will proceed 
around the detour at once. If unable to solve it, he may stand still 



and cry. In early solutions of tlie problem lie is likely to go first to 
the door, which closes abruptly before him, then to change direction 
sharply and circle the barrier in a wide arc. In later solutions his 
method is to avoid the direct pathway completely, whether it is closed 
or open. Instead, he will proceed directly from the starting point 
around the detour by the shortest possible route. 

Such a task is strictly a yes-or-no type of problem. It does not lend 
itself to blind, variable, or clumsy solutions, like early trials in a 
maze. As a consequence the solution in the detour experiment comes 
all at once. It is seldom if ever a gradual step-by-step process which 
slowly improves in efficiency. 


Multiple-choice Learning 

Another method for the study of sudden learning, which is more 
adaptable than the detour method, is the multiple- choice procedure. 
With this technique a number of learning problems of varying difficulty 
can be set. As originally employed by Yerkes [50] with animals, 
the subject is presented with a series of stalls or feeding boxes, any 
one of which he can enter. The boxes are arranged in a straight 
line in front of him, with food contained in only one of the boxes. The 
subject has to choose which box to enter on any trial. If he chooses 
the correct box, he obtains the reward; if he enters one of the incorrect 
boxes, he is punished by a short period of confinement in the box 
which he has entered. 

Different numbers of boxes are used on every trial, but the correct 
box for any given problem can always be found by applying a prin- 
ciple which carries over from one trial to the next. If the problem 
set by the experimenter is to discover the principle of /^second-from- 
the-right,’^ the food is always placed in the box second from the right 
end of the row of boxes presented on each trial. When nine boxes are 
put before the subject, the correct box is number eight; when six boxes 
are used, the correct box is number five, and so on. Another similar 
problem is to discover the principle of middleness. In this case odd 
numbers of boxes are always used, and the food is placed in the middle 
box of the row on every trial. 

The multiple-choice method, as applied to humans, makes use of a 
more compact apparatus, which the subject can manipulate from a 
laboratory desk or table [51]. The experimenter and the subject sit 
opposite one another and are separated by a screen, which also conceals 
parts of the apparatus from the subject. On the subject's side of the 
screen is a row of twelve keys or buttons, any one of which can be 

SJ, 



moved toward the subject by the experimenter. The keys which are 
pushed toward the subject on any trial are the keys he is to use on 
that trial. If he presses the wrong key, a small electric light will 
signal that he has made an error; if he presses the right key, a buzzer 
will sound. His immediate task on each trial is to find the key which 
will cause the buzzer to sound. He has not solved the problem, 
however, until he demonstrates that he has learned the principle or 
relationship which applies to the varying numbers of keys presented 
on successive trials. 


SOME QUESTIONS AND RESULTS 
How Does the Organism Learn? 

Although it is the province of this chapter to deal more especially 
with methods than with the results of experiments in motor learning, 
we should be making a mistake if, before leaving the topic, we did not 
consider briefly some of the findings and conclusions wdiich have grown 
out of the actual application of the methods. Perhaps the major 
objective behind all scientific research in the field of learning is to 
contribute to the understanding of the process of learning itself. The 
conditions wdiich retard or accelerate the rate of learning, the factors 
wdiich are necessary for its successful completion, the order in which 
certain parts of a task are mastered — these and other similar ques- 
tions can be answered, at least in part, by the proper use of the 
experimental methods already examined. 

With w^hat parts of the body does the organism actually learn? Does 
an animal, for example, find his way about a maze or problem box 
primarily by vision, or is the sense of smell or some other receptor of 
greater importance? As to the function of the different senses in maze 
learning, the answ^er, so far as the white rat is concerned, seems to be 
that removing any one of them may reduce his efficiency in the early 
trials. This result holds for the elevated maze [13]. In running 
the enclosed maze, how^ever, rats which have been blinded perform 
about as w^ell as normal rats [44]. The organism apparentiy uses 
■whatever senses will furnish directional cues of aid in discovering the 
true pathway. If it can learn little or nothing about the problem 
through vision or from the sense of smell, eliminating these senses 
produces no detrimental effect on the efficiency of learning. 

What parts of the central nervous system are most necessary for 
motor learning? Studies of animals in wffiich cortical and other brain 
centers have been experimentally removed and studies of the learning 
ability of human beings with brain lesions caused by disease or acci- 



dent leave us with the conclusion that any major mutilation of tiic 
brain will reduce the efficiency of learning. In generalj the greater 
the damage, the greater the loss of learning efficiency [27]. In 
humans and in higher animals the most important cortical centers for 
the solution of certain kinds of problems appear to be the frontal 
lobes [20, 24] . Except for the sensory areas essential to the mastery 
of a particular task, damage to the other lobes of the cerebral cortex 
produces a less clear-cut effect. 

On the response side the student of learning is concerned with the 
question of just what it is that is learned. Does motor learning, after 
all, consist in building up a series of specific movements in a certain 
order? Does the learner improve his method of solution by trying- 
out a variety of responses — eliminating those that are unsuccessful 
and fixing those that are successful — until he has developed a sequence 
of reactions which regularly lead him to the goal? Does the perfected 
method of solution, in other words, always make use of the same 
movements? Present theory is largely against such an interpretation. 
In a recent examination of this question by Guthrie and Horton [8], 
however, the reactions of cats in a puzzle box were automatically 
photographed at the moment of their escape. Results showed that 
individual animals tended to move or respond in the same way for 
many consecutive escapes. 

Of special interest in the study of learning is the direct comparison 
of animals with humans, by some method which is fair to both, for 
example, the mastery of a spatial maze. When two mazes of exactly 
the same pattern are employed, one arranged for human subjects and 
another designed for the laboratory rat, the results show remarkable 
similarity. The human being is not head and shoulders above tlic 
animal, as one might guess without actually investigating the matter. 
He makes not quite as many blind-alley entrances, and the total time 
he requires for mastering the problem is shorter, but on the whole 
he is not as superior as we might like to think [9, 19]. This finding 
again points to the basic nature of the learning process and shows its 
similarity in different organisms. 

Environmental Factors Affecting Learning 

What effect does changing the incentive have upon learning 
efficiency? Can anything be learned when there is no motivation 
at ail? These are important methodological questions. The answer 
to the first of these questions is that different sorts of motivation 
markedly affect the rate of learning. Changing the food used as an 
incentive stimulus will produce divergent results in the same animals, 
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Punishment as an incentive may lead to a different response from that 
elicited by reward. The organism can be too strongly motivated— for 
example, it can be deprived of food for too long a period or be given 
too strong an electric shock — to learn witli maximurn efficiency, just 
as it can be too weakly motivated. The rate of learning and the 
degree of motivation are thus seen to be intimately related. For 
additional relations between motivation and learning, the reader is 
referred to Chapter 13. 

The answer to whether it is possible to learn without any incentive 
is also affirmative, although one can always raise the question, can 
any normal organism ever be completely unmotivated? Experiments 
which show latent learning by Blodgett [2], Tolman and Honzik [38], 
and others prove definitely that the wdiite rat discovers a great deal 
when placed in new surroundings, even though it is given no definite 
incentive to go from one place to another in those surroundings. Yet 
what it learns without a specific incentive does not come to light until 
the incentive stimulus is introduced at a later time. The efficiency of 
actually running the maze, in other words, does not improve, because 
the subject has no reason to improve it. When suddenly given a 
reason, however, the subject shows that he has actually been learning 
during the previous non-motivated period. 

How do drugs, diet, and similar environmental factors affect learning 
ability? Will dietary deficiencies severe enough to stunt physical 
growTh retard learning? If a loss in the rate of learning occurs, can 
it be corrected by subsequently returning the deficient item to the 
diet? To what degree do known quantities of a depressing drug, like 
sodium amytal or alcohol, actually reduce mental efficiency? Will 
stimulating drugs, like caffeine and benzedrine, accelerate the rate of 
learning, and, if so, to what degree? Not only do the answers to such 
questions have a practical value in education and in other fields, but 
they are also of great scientific importance. 

It is apparent that the methods of studying motor learning have a 
wide application, but it is clear also that the understanding of a method 
is a necessary prerequisite to its proper use. None of these matters 
could be investigated, nor any of the questions correctly answered, un- 
less the investigator had at his disposal adequate apparatus, a sufficient 
number of the right sort of subjects, and a complete experimental 
design already worked out before he attempted to begin. 

RECORDING THE PROGRESS IN LEARNING 

The standard procedure for recording progress in learning is by 
means of the learning curve. This is a graphic device for showing the 
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relationslii]) bi‘t\veen I'cpetitions (trials) and the perlcrnrianee of the 
subject. The learning curve is a method of plotting the data of the 
learning experiment in concrete understandable torni. A jiruperly 
drawn learning curve is therefore a picture or diagram of the results 
of the learning process itself. The slope of the curve gives tlie rate 
or speed at which the learning takes place. The curve for par- 
ticular task shows just where the learning is rapid and where it is 
slow. It serves as a kind of gage which registers the improvement 
of the learner. 

In the typical learning curve, the number of trials (the independent 
variable) is plotted on the abscissa, and the quantitative measure of 
performance (the dependent variable) on the ordinate. The measure 
of performance is the score, or the raw score, for any given trial. It 
may be in terms of the time consumed per trial, the number of errors 
per trial, or some other measure which indicates the efficiency of the 
subject’s method of attack upon the problem. 


Curves of Decreasing Score 

Because of the superfluous or unnecessary responses which the 
subject makes in the early trials of maze learning or puzzle solving, 
the time which it takes him to reach the goal of the maze or to com- 
plete the solution of the puzzle is relatively long. With temporary 
exceptions or irregularities, the time learning curve obtained in such 
instances drops rapidly at first and more slowly later, until it levels 
off in the final trials to remain approximately parallel to the abscissa, 
as shown in Fig. 4. 

A decreasing-score curve can similarly be obtained when the 
efficiency of the subject is measured in terms of arbitrarily defined 
errors wdiich can be counted and tabulated. Errors in maze running 
(blind-alley entrances) and in mirror drawing (allowing the pencil 
or the stylus to touch either of the parallel lines of the star) yield 
decreasing scores with practice. In learning to juggle balls, the 
number of misses made by the subject in a fixed number of attempts 
can also be treated as errors. When errors of this sort are plotted 
against trials, the resulting error learning curve has a contour similar 
to that of a time learning curve. There is, how^ever, this important 
difference: the error score ultimately reduces to zero, wfliereas the time 
score cannot go below a certain minimum required to perform the task. 

Still a third way of obtaining learning curves of decreasing score 
is in terms of distance. This method is best illustrated by the animal 
spatial maze or the human stylus maze. To obtain a distance 



learning curve in these cases, the length of the pathway traversed by 
the subject (or by the stylus) on each trial must be measured. The 
distance will be found to decrease with the time per trial and the 
elimination of blind alleys. It gradually approaches a minimum, 
which is the length of the true pathway of the maze. 

If the problem is of such a nature that learning by insight is possible, 
and if at the same time the progress in learning can be plotted in the 



Trial number 


Fig. 4. Time learning curves for one control and two experimental groups 
obtained with the maze shown in Fig. 1. 

Group I is the control group. Groups !! and III learned the maze under different experimental 
conditions. (Reprinted from J. Comp. Psychol., 1935, 19, 133, by permission of the editor and 
publishers.) 

form of a decreasing-score curve, then the “insight” will appear in 
the curve as a sudden drop from one level of performance to a much 
more efficient one [34, 50]. In solving a puzzle, for example, the 
subject may blunder through to a solution for trial after trial, without 
ever understanding clearly how he accomplishes it. Should the 
principle behind the method of solution suddenly dawn upon him, 
however, ho may be able to reduce his time on two consecutive trials 
from perhaps 10 minutes to less than 1 minute. In such an instance 

39 




the gradual approach to the base line is replaced by an abrupt and 
immediate drop to a new level, which is thereafter maintained. 

The elimination of any single alley in a maze-learning experiment 
often occurs in this fashion [28] . Plotting the time spent in that alley 

alone on each trial, without regard 
for the other alleys, may show in 
the early trials that the subject 
spends considerable time in it. 
Finally he may ‘'get the point’"' con- 
cerning the alley and recognize it 
clearly as the wrong way to go on 
each trial As a result he avoids it 
completely, and the time spent in 
the alleys drops immediately to 
zero, as shown in Fig. 5. 

0 5 10 15 20 



Twentieths of total trials 


Fig. 5. Learning curve of the time 
spent in a single alley of a stylus 
maze, showing sudden drop char- 
acteristic of insight. 

(From J. A. McGeoch, and H. N. Peters, 
An all-or-none characteristic in the elimination 
of errors during the learning of a stylus maze. 
J. Exper. Psychol., 1933, 76, 514. Reprinted 
by permission of the editor and publishers.) 


Curves of Increasing Score 


In a sense all curves of decreas- 
ing score measure the subject’s 
progress in learning lohat not to do. 
They show how he improves in 
efficiency through the elimination 
of surplus or extraneous activit}^ 
They record efficiency by a process 
similar to subtraction, and so they may be said to approach, learning 
from the negative side. 

Curves of increasing score, on the other hand, show how the subject 
learns what to do. They record the acquisition of new responses, or 
an increase in the speed of old responses, which raise the learner’s 
efficiency. In general, they approach the problem from the positive 
side, and so they may be thought of as measuring learning by a process 
analogous to addition [3] . 

When the time per trial is controlled or limited, the subject’s 
improvement consists in completing more and more of the material 
to be learned within the fixed time limit. Under these conditions the 
score will increase with practice. Thus, in learning to typewrite, the 
learning score is usually the number of words or letters which can be 
correctly typed per minute. The better the typist, the fastea.' he can 
type, and the greater his efficiency will be. A learning curve {)f increas- 
ing score is sometimes called an amount learning curve, since the 
learning is measured in terms of the amount of work turned out l)y 
the subject on each trial. 




In the decreasing-score situation, on the other hand, it is the task 
(or amount of work) which is fixed. The puzzle does not change 
from trial to trial, and the maze remains of the same length and 
difficulty. The subject has a definite goal to reach in each instance. 
Here efficiency is measured either in time, or in distance or errors, which 
are the correlates of time. For decreasing-score curves the task is 
fixed, and time (or its correlates) is measured. For increasing-score 
curves, the time is fixed, and the task (or amount of work) is measured. 

The Sigmoid Learning Curve 

Most non-insight learning curves, whether they are curves of 
increasing or decreasing score, are negatively accelerated. The sub- 



Fig* 6. Amount learning curves for the sending and receiving of telegraphic 

symbols. 

The flat or level places on the curves are plateaus, and the maximum efficiency beyond which 
the learner does not progress is the physiological limit. (FromW. L Bryan and N. Harter. Studies 
in the physiology and the psychology of the telegraphic language. Psychol. Rev., 1897, 4, 49. 
Reprinted by permission of the editor and publishers.) 

ject begins learning at a fast rate, but his rate of learning gradually 
decreases (the line levels off horizontally) until finally he improves 
no further. In more mathematical language, the curve becomes 
asymptotic to a horizontal line. The asymptote of an increasing- 
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score curve is a horizontal line above it; tlie asymptote of a decreasing- 
score curve is the base line. 

Some learning curves, however, are not negatively accelerated 
throughout their entire length but possess a kind of double inflection 
or S shape. They have positive acceleration early in the learning, 
zero acceleration next, and negative acceleration later. This would 
mean that an increasing-score curve would start off nearly parallel to 
the base line but wmuld increase in steepness or slope as it proceeded. 
It w^ould subsequently stop turning upward and would proceed for a 
short distance as an approximately straight line with a constant slope 
rising from left to right. Finally the slope would reduce as the curve 
took on a negative acceleration and leveled off horizontally. The 
curves for the learning of telegraphic symbols in Fig. 6 show a slight 
tendency to be positively accelerated at the beginning, although this 
is not a very obvious tendency. Curves of learning obtained by the 
conditioned-reflex method are quite frequently found to be sigmoid in 
contour. See Fig. 12. 

It has been argued that the double-inflection sigmoid curve is the 
true curve of learning, and that curves which show negative accelera- 
tion alone are incomplete in that they represent only the later stages 
of the learning process [5]. The experimental subject has not really 
started at the zero point of learning. The early portion of the learning 
has already been completed by the subject before he undertakes the 
experiment. He brings wdth him previous experience or training 
relevant to the present problem, which enables him to start W'ell up 
on the learning curve. As a result the portion of the curve which 
should show positive acceleration has already passed and cannot 
appear again. Whether this explanation is correct is not a matter to 
be decided here, although the final answ^er is of great importance for 
the psychology of learning. 

Vincent Curves 

It is frequently desirable to combine or average learning curves 
from several subjects so as to obtain a composite curve for the learn- 
ing of a single task. Because different individuals require different 
numbers of trials to reach the criterion of mastery, however, this 
cannot be done directly without introducing distortions into the final 
curve. For example, if one subject takes 10 trials and another 15 
trials to learn, averaging the learning scores trial for trial must either 
leave out of account the final 5 trials of the subject who took 15 trials 
or else must include 5 extra trials which were not required by the 
subject who learned in 10 trials. 


The solution of this difficulty is to stretch out the short learning 
curves and shorten the long ones by dividing each into equal units 
of its own length. The effect is similar to convertiiig fractions to a 
common denominator before adding them. The Vincent method for 
equating the lengths of learning curves divides each curve, usually 
into tenths of its total length, and then averages these tenths [ 11 , 18 , 
41 ] . Assumptions of the method are that every trial is equivalent to 
every other trial for any given subject, and that the raw score for a 
trial is evenly distributed throughout that trial. 

The Vincent method does not necessarily require that learning 
curves be converted into tenths of their own length. Fifths, twen- 
tieths, seventeenths, or any other number of units will do just as well, 
provided all the curves to be averaged are divided into the same 
number of units. When many curves are combined, however, the 
tenth is a convenient unit to use. Aside from its arithmetical advan- 
tages, it furnishes a very satisfactory number of points for curve 
plotting. It is therefore more commonly employed than any other 
value. 

The general method for transmuting raw scores into Vincent scores 
is first to break up the trials into the proper units and then to divide 
the raw scores according to those units. Criterion trials are not 
included in these calculations [11]. The subject is presumed to have 
learned by the time he has attained the criterion of mastery. The 
criterion trials themselves are simply the proof that he has actually 
completed the learning. 

If a subject took 5 trials to reach the criterion of mastery, his curve 
would be converted into Vincent tenths by dividing the raw score for 
each trial into halves. This would furnish 10 values to plot instead 
of 5, each value being the raw score for half a trial. If another subject 
required 15 trials to learn, each Vincent tenth would include the raw 
score for 1.5 trials. The first Vincent tenth would be the sum of the 
raw score for trial 1, plus 0.5 of the raw score for trial 2. The second 
Vincent tenth would be the sum of the remaining 0.5 of the raw score 
for trial 2, plus the raw score for trial 3, and so on. If a subject 
learned in eight trials, each Vincent tenth would take in 0.8 of the raw 
score per trial. If he learned in 31 trials, each Vincent tenth would 
include the raw scores of 3.1 trials. 

In Table I are raw error scores for two subjects who took 13 and 7 
trials respectively to master a stylus maze. In Table II the Vincent 
tenths for each of these subjects have been computed. The 7-trial 
series is lengthened and the 13-trial series shortened to 10 units, so 
that the two can be averaged into a single composite curve. 
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TABLE I 
Erroks per Trial 
(Riiw Scores) 


Trials 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Total 

Errors 

Subject A ' 

11 

12 

10 

8 

6 

7 

5 

3 

1 

1 

0 

2 ! 

1 

67 

Subject B 

18 

10 : 

i 

7 

2 

1 

2 

1 

— 

— 

— 

— 

— : 
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TABLE II 
Vincent Tenths 


Tenth 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Total 

Errors 

Subject A 

14.6 

14.4 

11.2 

8.2 

8.1 

4.9 

1.7 

0.9 

1.4 

1.6 

67.0 

Subject B ' 

12.6 

9.4 

6.7 

4.9 

2.4 

1.2 

0.7 

1.3 

1.1 

0.7 

41.0 

Total 

27.2' 

23.8 

17,9 

13.1 

10.5 

6.1 

2.4 

2.2 

2.5 

2.3 

108,0 

Average 

13.60 

11.90 

8.95 

6.55 

5.25 

3.05 

1.20 

1.10 

1.25 

1.15 

54.0 


THE CONDITIONED RESPONSE 
Salivary Conditioning 

Conditioning as a method for the study of learning was first 
employed extensively by the Russian physiologist, I. P. Pavlov [30]. 
The response which he selected for observation was the salivary 
reflex in dogs. A simple surgical operation moved the opening of 
the duct of the parotid salivary gland from the inside to the outside 
of the dog’s cheek, so that the flow of saliva could be seen and 
accurately measured. The original or unconditioned stimulus which 
elicited the flow of saliva was, in most cases, food. By presenting 
a neutral stimulus (for example, the ringing of a bell) along with the 
food for a number of trials, the bell or the conditioned stimulus 
eventually came to act as a substitute for the food and would cause 
the saliva to flow even though no food was given. A connection or 
association had been established between the conditioned stimulus 
and the activity of the salivary gland. The flow of saliva now elicited 
by the bell was an entirely new response for that stimulus. This 
response was the conditioned salivary response or, more simply, the 
salivary CR. 
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Pavlov and his collaborators found in different experiments that 
many things could be used as conditioned stimuli. Whistles, lights, 
touching the dog’s flank, even mild electric shocks functioned satis- 
factorily in this capacity. Each of these and many more, when com- 
bined with food for a sufficient number of trials, produced conditioned 
salivation. If the food was permanently removed after a CR had 
l)een built up, however, continued presentation of the conditioned 
stimulus alone caused the CR gradually to die out. The disappear- 
ance of a CR under these circumstances was called the extinction of 
the conditioned response. An extinguished response could be rapidly 
reconditioned by reinforcing the conditioned with the unconditioned 
stimulus for a few trials. Even where no reinforcement with the 
unconditioned stimulus was given, a conditioned response which had 
been extinguished could be called out at a later time, provided a 
sufficiently long rest interval had been allowed to elapse after the 
extinction. The reappearance of a previouslj^ extinguished CR in 
this W'ay, without subsequent reinforcement, was called by Pavlov 
spontaneous recovery. 

In applying the salivary conditioning technique to human subjects, 
two principal methods have been employed. The first of these requires 
an especially shaped suction cup or saliometer, wdiich fits over the 
opening of one of the salivary ducts inside the mouth and carries the 
saliva out of the mouth by means of a small tube [32], The second 
method makes use of rolls of dental cotton which are carefully 
w'eighed and then placed under the subject’s tongue. After a CR 
has occurred, the cotton is removed and weighed again. The differ- 
ence between the weights before and after the response indicates the 
amount of saliva which was secreted [33]. The phenomena of extinc- 
tion, reconditioning, spontaneous recovery, and so on, originally dis- 
covered by Pavlov on dogs, are all demonstrable in human subjects 
by one or both of these methods. 


Conditioning in Other Situations 

Although the facts of conditioning were first worked out by means 
of the salivary reflex, they can also be demonstrated with many other 
reactions, both muscular and glandular, some of which are not true 
reflexes in any sense of the word [7, 12]. The idea held by early 
workers that the basis of conditioning had to be an unlearned reflex 
has given way to the more general interpretation that practically any 
response can be conditioned to almost any stimulus. The supplanting 
in psychological parlance of the narrower term “conditioned reflex” 
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I)y the more comprehensive term ''conditioned resi)onse'' is a direct 
expression of this change. Laboratory methods have been developed 
not only for the application of many kinds of conditioned stimuli, 
but also for the study of numerous unconditioned stimulus-response 
combinations as well. 

A few of the responses which have been experimentaily conditioned 
to new stimuli in human subjects are winking the eye, opening the 
mouth, contracting the pupil, the knee jerk or patellar reflex, lifting 
the finger, a change in the rate of breathing, a change in the pitch of 
the voice, a change in the pulse rate, the galvanic skin reflex, vaso- 
constriction, and vasodilation [7, 15]. Moreover, conditioning has 
been demonstrated in animals as low as the snail and possibly lower 
[31]. It has also been demonstrated in newborn babies [12, 32]. 
Considered as a kind of formula for the process of association, condi- 
tioning has applications in training of various sorts, in education, and 
in everyday life [7]. 


Fundamenfals of the Conditioning Process 


The methodological requirements for establishing a conditioned 
response are as follows: 

1. There must exist at the start an unconditioned S-R combination 
that works — one that is dependable, permanent, and not subject to 
extinction. This combination may be a reflex, or it may just as well 
be a previously w^ell learned S-E relationship. 

2. There must then be paired with this combination in the proper 
fashion an extraneous, neutral, or conditioned stimulus which must 
thereafter be regularly presented with the unconditioned S and E. 
The natural response of the conditioned stimulus, if it possesses an 
observable response, is in many cases ignored by the experimenter in 
this situation as having no special bearing upon the problem. 

After a sufficient number of trials, i.e., pairings of 
the conditioned stimulus with the unconditioned S-E 
combination, the conditioned stimulus b}^ itself, with- 
- 2 '" out the aid of the unconditioned stimulus, will call 

forth a new response, the CR, with which it has never 
previously been associated. The CR may or may not be similar to 
the unconditioned response. 

The simplest scheme for diagramming this arrangement is the sub- 
stitute-stimulus diagram above, where Si == the unconditioned stimu- 
lus, S 2 == the conditioned stimulus, and E = the response. It will be 
noted that such a scheme gives a true picture of conditioned learning 
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only when the CR is identical with the unconditioned response and 
when the learning consists in transferring the response, which renuiins 
unchanged, from Si to S 2 . 

In many instances, however, it is clear that the conditioned 
response can be distinguished from the unconditioned response in 
size, in temporal characteristics, and in other important aspects. The 
two sorts of reacting movements may obviously be of a different 
nature. Under these circumstances a more complete and accurate 
diagram of the conditioning situation, which also takes account of 
the original or natural reaction of the conditioned stimulus itself, is 
as follows: 

Si Ri 



In the conditioning of the eyewdnk, for example, three separate winks 
may occur on any given trial, each one of which is distinct from the 
others [10]. The original or unconditional stimulus (Si) — a puff of 
air blown upon the cornea of the eye— will produce a full-sized uncon- 
ditioned blink The conditioned stimulus (S 2 ), which is a beam 

of light directed into the pupil, will also cause a smaller wink (i 22 )* 
If S 2 is presented slightly before Si for a sufficient number of trials, 
still a third wdnk, the CR, will appear. There are then three responses 
occurring in order on any given trial: R 2 , the CR, and Ri, The CR 
is the new and original element of the three and is an outgrowth of 
the conditioning situation alone. It is the learned feature of the 
entire sequence. The reader is referred to pages 615-621 for the 
description of an application of the eye-wink conditioning technique. 

Additional experiments, in which responses other than the wink 
reflex have been conditioned, suggest that the exact form of the CR 
may depend upon the idiosyncrasies of the subject. Although some 
subjects give a CR which is similar to the unconditioned reaction, 
others in the same situation respond with a conditioned movement 
which is different from the unconditioned response [21]. It follows, 
therefore, that neither the substitute-stimulus diagram by itself nor 
the more complex diagram by itself can be used to represent all the 
possibilities of conditioning in a thoroughly adequate manner. 

The substitute-stimulus diagrana has the advantage of simplicity. 
It also has the advantage that it sets down in concrete form the 
methodological essentials with which any experiment on conditioning 
must begin. Although it does not tell the whole story, it is a con- 
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^enlent tool for the understanding of conditioning procedures. We 
shall use it, therefore, throughout the remainder of this chapter to 
llytiate conditioning methods where it seems desirable to employ 


The Buzz-shock Method 

One CR whmh has been widely studied in the laboratory, both with 
human and with animal subjects, is the lifting or withdrawal of the 
finger, hand, or foot. The usual unconditioned stimulus in this pro 
cedure is an electric shock; the conditioned stimulus most commonly 
oyed « the sound of a buster. When these two sttauh™ u”‘d 

h tms or flermg of the entire limb is rec,uited, as with a doe or sont 

lOs nrorw ' “'‘"“'I “ »n«o„™; [e.Tl 

It piobable that more comprehensive data have been secured in this 
oZtr -th any otimr- 

anSaHsnt “ buzz-shock flexion conditioning the 

animal is placed in a soundproofed room so that he will not be affected 
by uncontrolled or distracting stimuli. See Figs 7 8 9 in w! 
stands inside a wooden stock or framework which is built ' ^ 
large table. To each of his feet is fastetk a’^ailS Loriin: 
t^■er Tambours and air tubes attached to these levers permit thn 
graphic^recording of the flexing or stepping movements made by eadi 
mean- ^iiinial’s respiration is similarly recorded bv 

Ihe electric shock, wdiich is of verv sV,ai.+ n j.- 
through electrodes which are taped to tlfe fLt to hc^ 
shock causes the animal to make ttie nin ri t The 

or withdrawing the shocked member The response of flexing 

2 seconds before the shock and c^Suuc" , gTcId: sVtt?,“^ 
smuitaneously with the occurrence of the sheefc ’ 

ahock wouid normaiiy occur. A m '" 

lover aulomatfcally cuts out fhe shock .ben^ie deVtiiUtrfe™ 
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Fig. 7. Dog standing in stock on a table in soundproofed room, for the buzz- 
shock flexion-conditioning experiment. 

The loud-speaker which delivers the (conditioned ) buzz is mounted on top of the stock. A pneumo- 
graph for recording respiration is around the animal’s chest, and e!cK:trodes for obtaining action 
potentials are taped to the right hind limb. Each foot is fastened to a balanced lever for registering 
the flexion response. (Reprinted from J. Exper. Psychol., 1939, 24, 323, by permission of the editor 
and publishers.) 


Fig. 8. Method of recording the flexion responses and of delivering the 
(unconditioned) electric-shock stimuli. 

L is the balanced lever, to which a tambour is connected for recording movement or foot-lifts. 
The wires, W, deliver the unconditioned stimuli to the dog's foot beneath the bandage. I and A are 
electrodes for recording action potentials, (Reprinted from J. Exper. Psychol., 1939, 24, 324, by 
permission of the editor and publishers.) 
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Fig, 9. Experimenter operating apparatus and observing subject in sound* 
proofed room, through one-way-vision windows. 


Fig. 10. Records obtained, through tambours, in the conditioning of the 
right rear foot by the buzz-shock method. 

The lines on the kymograph are (fop fo bottom) respiration, response line for left front foot, 
response line for right front foot, response line for left rear foot, response line for right rear foot 
(the member to be conditioned ), buzz, shock, and time. 


In traditional or classical conditioning, the animal cannot escape the 
shock even though he lifts his foot. Control trials in which the buzz 
alone is presented may occasionally be introduced as a check on the 
progress of learning. By either the instrumental or the classical 
procedure, however, the subject will learn to raise his foot to the sound 
of the buzz. See Fig. 11. 



Fig. 11, Combination conditioned and unconditioned response line obtained 
in buzz-shock flexion conditioning. 

The amplifude of the conditioned response is the distance XY. The latency of the CR is measwed 
from A to I, and the duration of the combined conditioned-unconditioned movement is LC. B indicates 
the onset of the shock. In the trial diagrammed, the subject did not escape the unconditioned 
stimulus. That portion of the activity line above the line X is therefore the unconditioned fiexion 
reaction to the shock, which is superimposed upon the CR. The duration of the CR alone cannot, as 
a result, be measured in this instance, (Reprinted from J. £xper, Psychoi, 1939, 24, 326, by per- 
mission of the editor and publishers,) 

With a method such as this, which records each separate movement 
or reaction, great precision is possible. The development of the con- 
ditioned response can be measured in at least six ways [22]. 

1. By the amplitude or height of the lift which occurs to the buzz. 
Amplitude is found to increase gradually as the number of trials 
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increases. If plotted against trials, the amplitude will give a learning 
or conditioning curve. 

2. By the frequency wdth which tlie CR occurs witliin a fixed 
number of trials. In the first 20 trials there may be only one CR, 
which would give a frequency score of 1/20 or 5 per cent. In trials 
180™200 there may occur 20 CRs, for a frequency score of 20/20 or 100 
per cent. Like the amplitude, the frequency gradually innaaises 
with practice and can be plotted as a frequency learning curve. 

3. By the latency of the CR. This is the time elapsing between 
the beginning of the conditioned stimulus and the beginning of the 
conditioned response. The latency may or may not change with 
practice. 

4. By the contour or form of the CR. 

5. By the duration or length of the CR. 

6. By the rate of extinction of the CR. 


VARIATIONS OF THE CONDITIONING EXPERIMENT 
Time Factors in Conditioning 

Whether the conditioned stimulus comes before, exactly at the same 
time as, or after the unconditioned stimulus is a matter which will 
influence the results. These three temporal arrangements of pre- 
senting the twm stimuli are the forw^ard, simultaneous, and backward 
conditioning techniques. There can be no question but that the labor- 
atory method most favorable /or developing a CR is the forward 
technique. Simultaneous conditioning is not as satisfactory, and 
baclward conditioning, although it seems to be possible, produces the 
poorest result of any of the methods [47, 48] . 

In Pavlovas laboratory the interval betw^een the presentation of 
the conditioned stimulus and the presentation of the unconditioned 
stimulus was extended by two varieties of forward conditioning 
known as delayed and trace conditioning. In delayed conditioning 
the conditioned stimulus is presented continuously for a long time, 
often for many minutes. At the end of this period, but while the 
conditioned stimulus is still being presented, the food is given. When 
the CR is ‘finally established, the salivary response will not occur 
until just before the time for the food to be presented. The animal, 
in effect, holds back or delays responding to the conditioned stimulus 
until the proper time interval has elapsed. 

Even more unusual is the trace CR. In this case the conditioned 
stimulus does not continue until the unconditioned stimulus is pre- 


sented; it ends before the food is given. The sequence is: 

Conditioned stimulus Time interval Unconditioned stiniiilus 

Pavlov reported that in some instances of trace conditioning the 
interval between the occurrence of the two stimuli could be lengthened 
to half an hour. During early trials false responses were made, i.e., the 
saliva started flowing too soon. When the trace CR was firmly estab- 
lished, however, there was no saliva until the proper period of waiting 
had passed. 


The Method of Contrasts 

By means of the conditioning procedure the limits and accuracy 
of hearing, vision, and the other senses can be determined. Salivary 
conditioning and buzz-shock conditioning, as well as other condition- 
ing techniques, have been used for this purpose. If, for example, one 
wishes to find the upper limit of hearing in the dog, he can first train 
an animal to flex his leg to a conditioned tone well within the range of 
hearing — let us say a tone of 1000 cycles per second. After the CR. 
has become established, the conditioned stimulus may be gradually 
raised in pitch until a point is reached where it no longer produces the 
lifting of the foot. The conditioned stimulus at that point is at or just 
above the upper limit of hearing for the subject [30]. 

For measuring the differential limen, the method of contrasts, other- 
wuse knowm as differential conditioning, is used. This requires two 
conditioning situations which are contrasted or differentiated from 
one another. Suppose that the problem is to find the smallest differ- 
ence in the pitch of two tones which the organism can just distinguish. 
The first step, as in finding the upper limen, is to set up a regular CR 
to a basic or standard tone, which we may assume again to be 1000 
cycles per second. This is called a positive CR. The second step is 
to present the comparative tone repeatedly, but without ever reinforc- 
ing it or pairing it with the unconditioned shock. At the start it is 
well to have the comparative stimulus an octave or more higher than 
the standard. The first presentations of the comparative tone will 
elicit conditioned flexion responses, but if these are never reinforced 
they will soon be extinguished. There will thus be established a 
negative CR. The reinforcing of one stimulus, but never the other, 
enables the organism easily to distinguish between the two. 

To diagram this method, let Si =*= the shock, "" the standard 
tone of 1000 cycles per second, Sg = the higher comparison tone, 
i + R) == the response of lifting the foot, and (—if) = not lifting 
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the foot. The symbol 0 will indicate the fact that no reinforcement 
(no Si) is given in the case of the negative CR. The arrangement 
for the method of contrasts will then appear as follows: 

Positive CR Negative CR 

z::>i’¥R) 0 —{--R} 

The final step in the procedure is to bring the comparative stimulus 
down in pitch until it approaches closer and closer to the standard. 
When the subject begins again to make indiscriminate conditioned 
lifts to each of the tones, the two stimuli are equivalent for him. The 
point at which they are just barely distinguishable is the differential 
limen, or the smallest difference in pitch which the subject can differ- 
entiate. A more detailed description of the nature and measurement 
of sensory thresholds wdll be found in Chapter 5. 


Inhibition and Disinhibition 

Pavlov is responsible for the conception that a negative conditioning 
situation like that employed in the method of contrasts is one in which 
the organism learns to hold back or inhibit his responses. The extinc- 
tion of the CR is therefore not to be thought of as a passive process 
like forgetting, but rather like the building up of restraining tensions. 
The evidence that the inhibition is an active process lies in the destroy- 
ing or breaking down of the inhibition by distracting stimuli. After 
a response has been extinguished, for example, some disturbing noise 
like the slamming of a door may cause it to return. This has been 
called disinhibition, or the inhibition of an inhibition. The external 
stimulus (sound of door slamming) destroys or breaks down the 
internal inhibition of the subject. Another case of internal inhibition 
which may be affected by distracting stimuli is the holding back of 
the CR in delayed and trace conditioningy where a disturbing stimulus 
will cause the saliva to flow before the proper interval of time has 
elapsed [12, 15]. 


Higher-order Conditioning 

If conditioning is simply the process of association translated into 
the more objective laboratory concepts of stimulus and response, it 
must have universal application. Experiments on higher-order con- 
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ditioning have indeed attempted to demonstrate the universality of 
the process by showing how learning can be built upon learning [ 30 , 
32 ]. In higher-order conditioning, a series of conditioning situations 
follow one another according to the following plan: 

First Order Second Order third Order 

S3 

Let the symbols in this scheme have these meanings: Si = shock, 

52 ^ buzz, S3 = light, S4 = touch, R = lifting the foot. Then, in 
first-order conditioning, a CR is established to the buzz. In second- 
order conditioning the buzz sequence (S2-i?) developed in the first 
order is used as the unconditioned combination, and a light (S3) is the 
conditioned stimulus. When S3-E has been established as a second- 
order CR, a touch (S4) is used as the conditioned stimulus for a 
third-order CR. It is theoretically possible, by extending this method, 
to establish CRs to any desired order. 

Most experiments on higher-order conditioning have nevertheless 
broken down because of the phenomenon of extinction. When the 
shock (Si ) is eliminated from the second and higher orders, the rein- 
forcing or motivating agent is also removed. The pairing of S^-jR with 

53 results in the extinction of the response to S2 before much progress 
can be made in associating S3 with R. From results of this sort it 
has been argued that conditioning is not, after ail, the universal 
phenomenon it was thought to be. 

A serious error in such reasoning has been pointed out in experi- 
ments by Finch and Culler [6] , in which it appeared that conditioning 
to any desired order was possible, provided the motivating influence 
was left in the experiment. This result was accomplished by having 
dogs shocked on the flank if they did not lift the foot. To avoid an 
electric shock in the side they therefore had to raise the foot on every 
trial. Whenever a subject failed to make a flexion response, the shock 
automatically prodded him to action. Under these circumstances 
there was no special difficulty in pairing with S^-Rj S4 with S^-R^ 
and so on. 


THE RELATION OF CONDITIONING TO OTHER LEARNING 

In view of the established fact that motivation is necessary for 
efficient learning of all sorts it seems surprising that anyone ever 
supposed that conditioning could occur without it. The first require- 
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ment for establishing a CR, it will be recalled, is an (iiiicoiiditionedi 
S-R situation that ivorks. There must be something to force the 
response to occur, or, in other words, the response must be motivated. 
It must be motivated by an electric shock; it must be motivated by 
giving a hungry dog food; .or it must be motivated in some other way, 
One of the common bonds which ties conditioning to other learning 
is, in fact, the necessity for motivation in learning of both kinds. 

Another similarity between conditioned and non-coiiditioned learn- 
ing is that the organism follows the pattern of making unnecessary 
and useless responses first and of eliminating these as training pro- 
ceeds. One aspect of this trend wdiich emphasizes the presentation 
of different stimuli has been described in conditioning experiments 
as sensory generalization or as stimulus generalization [7, 12]. This 
means that, when a CR is built up, it is not at first specific to a single 
stimulus. The organism can be ^‘tricked” into making the same CR 
to other similar stimuli. Only after continued reinforcement of the 
right stimulus and non-reinforcement of the lorong ones does the 
response become definitely associated with the conditioned stimulus 
alone. 

Sensory generalization is exactly the phenomenon which appears 
in the method of contrasts. The response is first generalized to the 
(higher) comparative stimulus. It becomes specific to the standard 
stimulus by motivating (reinforcing) it in the one case, but not in 
the other. 

Sensory generalization is the making of the same response to differ- 
ent stimuli; motor or response generalization is the making of different 
responses to the same stimulus [46]. During the early trials of 
buzz-shock flexion conditioning the animal makes many superfluous 
foot-lifts. Even though the shock is sent to only one of the feet, 
for example, the right rear, he will lift the other three feet also in 
response to the buzz. As he becomes better conditioned, however, 
he flexes more often the member which is shocked and moves the 
other feet less and less. The generalized behavior which existed at 
the start of training tends to drop out. 


Conditioning and Trial-and-error Learning 

The responses of lifting the non-shocked feet are the “errors'^ of the 
conditioning experiment. They are just as much errors as entering a 
blind alley in a maze. In eliminating these responses the subject 
learns what not to do. In lifting the shocked foot more frequently to 
the conditioned stimulus he learns what to do. 
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The relationship between conditioning and trial-and-error learning 
can be graphically shown by frequency curves plotted from the activity 
of all four feet in the buzz-shock conditioning situation [46]. See 
Fig. 12. Error curves which tend to decrease in frequency are 
obtained from the non-shocked feet. A typical amount-conditioning 
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Fig. 12. Frequency-conditioning curves obtained by plotting the CRs (lifts to 
the buzz) made by six dogs in buzz-shock flexion conditioning. 

RRf LR, RF, and IF represent the right rear, left rear, right front, and left front feet, respectively. 
The lifts of the right rear foot are correct responses, and the lifts of the three non-shocked feet are 
errors. The lifts of the non-shocked feet (especially the front feet) tend to decrease with practice, 
like errors made in learning a maze. The CRs of the right "rear foot increase in a mildly sigmoid 
manner. The break in the curves at 200 trials represents a rest interval of 2 weeks. (From I, S. 
Wolf and W. N. Kellogg. Changes in general behavior during flexion conditioning and their 
importance for the learning process. Amer, J. PsycboL, 1940, 53, 390. Reprinted by permission 
of the editor and publishers.) 

curve, with sigmoid characteristics, can be obtained from the same 
subjects, in the same experiment, at the same time, if only the activity 
of the shocked member is considered. It would seem as though 
whether one finds trial-and-error learning or typical conditioning 
must depend to a large extent upon what he is looking for and upon 
what part of the activity of the subject he measures. 


Conditioning and Learning by Insight 

What then is the relationship between conditioning and learning by 
insight? Arc iKjt these two^ at least, distinct and irreconcilable varie- 
ties of learning? An answer to this question can again be found in 
the experiment on buzz-shock flexion conditioning [23] . Sometimes 
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the orgaiiisiii eliminates his errors all at once in this experiment. The 
responses of the non-shocked feet drop immediately to zero (or nearly 
to zero) within a very few- trials. The frequency curve obtained 
under these circumstances has the same characteristics as curves of 
learning by insight which are made by human subjects. See Fig. 
13. Insight is apparently possible, therefore, even in conditioning 
the experiments. 
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Fig. 13. “Insight” learning curves in the buzz-shock flexion conditioning of 

dogs. 

The lifts of the non-shocked feet (LR, RF, and LF) drop out suddenly, while the frequency of the 
shocked foot (RR) is maintained. (From W. N. Kellogg and 1. $. Wolf, “Hypothesis” and “random 
activity” during the conditioning of dogs. J, fxper. Psychol,, 1940, 26, 597, Reprinted by per- 
mission of the editor and publishers.) 

The conclusion of the whole matter appears to be this: Motor 
learning of all sorts, both simple and complex, is similar. Different 
“kinds” of learning, as discrete and separate entities, probably do not 
exist. The “kind” of learning which the experimenter finds depends 
on the nature of the problem which he sets, on what he is looking for, 
and on what aspects of the subject’s activity he chooses to observe. 
From the point of view of experimental psychology, conditioning is 
not so much a kind of learning as it is a basic laboratory technique 
for the study of the learning process. It is a method which specializes 
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in the analysis ol smalij definable units, like specific inovements to 
specific stimuli, rather than in gross or generalized behavior. 


SUMMARY 

Since motor learning deals only with non-verbal tasks, it can be 
studied in animals, in infants, and in other instances where linguistic 
material cannot be employed. In a way, motor learning is therefore 
fundamental to the study of rational learning and to other more 
complex psychological processes. To conduct an experiment in motor 
learning the experimenter sets the subject some problem or task to 
master and observes and measures the improvement in the subject's 
method of performing the task upon successive trials. The dependent 
variable in such an experiment is the subject's performance. The 
independent variable is the number of trials or the degree of training. 

Undoubtedly the most widely used of all devices for the study of 
motor learning is the spatial maze, which has a variety of forms, from 
the elevated maze for animal subjects to the paper-and-pencil maze 
for humans. Other devices include mirror drawing, tossing balls at 
a target, and the pursuit-meter. Tasks like these, which require the 
slow or gradual development of a skill for their mastery, are to be 
contrasted with tasks in which the learning consists of the discovery 
of some general principle. In the latter instance the correct method 
of solution may dawn upon the learner suddenly, like a hunch or 
bright idea. The Umweg or detour experiment, in which the subject 
must find his way around a barrier, and the mutiple-choice procedure 
are techniques for the study of insight learning of this sort. 

For recording progress in a learning experiment, the standard 
method is by means of the learning curve, a graphical device for 
showing the relationship between trials and performance. Curves of 
decreasing score, like time and error curves, take special account of 
the subject's early mistakes. They may be thought of as recording 
the subject's improvement in learning what not to do. Curves of 
increasing score, on the other hand, show more clearly how the subject 
improves in learning what to do. Most learning curves, both increas- 
ing and decreasing in score, have been found to be negatively acceler- 
ated. The sigmoid curve, which may be the true or absolute curve 
of learning, however, has both positive and negative acceleration. 
The Vincent method, a technique for equating curves of varying 
length, is employed for combining the learning curves of different 
subjects into a single composite curve. 

Although conditioning was first extensively studied by means of 
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the salivary reflex and was called by Pavlov the conditioned reflex^ it 
has since been produced with a variety of responses, many of which 
are not true reflexes in any sense of the word. It is essentially the 
process of association expressed in the more objective laboratory con- 
cepts of stimulus and response. The fundamentals of the method 
consist of two steps: (1) there must exist an unconditioned .S-J? situa- 
tion that works, (2) there must be regularly paired witii this in the 
proper manner a neutral or conditioned stimulus. Forward condition- 
ing, in which the conditioned stimulus precedes the unconditioned 
stimulus, has been found to be more efficient than simultaneous or 
backward conditioning. 

The conditioning technique can be used to measure both absolute 
and differential thresholds. In higher-order conditioning, conditioned 
responses can also be built upon already existing CRs, provided that 
motivation is maintained. From the point of view of experimental 
psychology, conditioning is best thought of as a laboratory procedure 
for the study of learning problems of all sorts, rather than as a “kind’^ 
or category of learning to be sharply differentiated from maze learning, 
insightful learning, or any other learning. It is a method which em- 
phasizes a few specific stimuli and which usually deals with the 
minute analysis of a single movement or response, rather than with 
gross or generalized behavior. 
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Chapter 3 


Studying Memory and Transfer 

Claude E. Buxtord 


This chapter is concerned with the methods of studying only one 
kind of learning process, memorizing, and with tlie means whereby we 
measure retention and utpization of wdiat is memorized. Tlie dis- 
tinguishing feature of a memorizing task is tliat responses are “preset” 
in their nature or pattern, usually by the enviromiient. That is, 
certain responses must be mastered, but just whicli ones and in what 
order are already more or less arbitrarily defined for the learner. In 
memorizing the Gettysburg address, certain words must be learned, 
and no others; they must be learned in a certain preset pattern or 
order. There is no need to solve a problem or to decide •which 
responses should be made or to discover in what order they should 
be made. 

Perhaps the most significant kind of memorizing is that involving 
language. More than other species, man is able to represent, and 
thereby deal with, the present, the past, and the future by means of 
words or other symbols. Education and socialization are to a large 
extent processes by which the growing child learns to use language in 
his thinking and in his momentary relationships with other people. 
Verbal-learning phenomena, ho^vever, are as complex as they are 
important, and the difficulties of experimental control in this area are 
great. Such facts justify our placing primary emphasis upon verbal 
learning in fulfilling our general purpose of surveying the typical 
methodologies of studies of memorizing, retention, and transfer. 

Relationships between Learning and Forgetting 

We can never study a learning process without due regard for its 
converse, forgetting, for the simple reason that they are alw^ays con- 
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current processes. Learning, whether haphazard or systematic, occurs 
as a result oi experience, but while this experience occurs, forgetting 
is also going on. Anyone who has tried to memorize a lengthy poem, 
the names of people at a party, or the successive route numbers across 
an automobile road map, has been made aware of the way in which 
items iiiastered momentarily can slip away, only to be recovered in 
memory by further reference to the original material. 

There is a similarity and there is also a difference in the way learning 
and forgetting are studied experimentally. The similarity is that botli 
are indexed as a relation between two or more recorded performances 
by the individual. An initial record is necessary as a reference point, 
an indicator of how the subject behaved at a certain time or before 
certain experiences. The later record tells us how much he has 
changed, wLether in the direction we call learning or the direction 
we call forgetting. The most probable state of aflaii’s is that this 
later record, if sufficiently detailed, will indicate some changes of 
eacli kind. 

Tlie exyermiental difference between learning and forgetting is often 
said to be that measures of performance during, or relative to, practice 
are measures of learning, whereas measures of forgetting or retention 
are taken after an intervening time or experience. Such a convention 
can lead to confusion if followed too literally. This is sometimes true 
in studying verbal learning, because the subject may study or practice 
quietly for some fixed period and then write or recite what he knows. 
It is only when his actions are outwardly observable that any index 
of performance can be recorded, and in this case one could argue 
equally well that the index is one of either retention or learning. To 
resolve this difficulty we shall simply ask always: Does the index of 
performance indicate the acquisition of responses (learning), or the 
weakening or disappearance of response tendencies (forgetting)? 
When a certain experiment deals mainly with the period of response 
acquisition, it is a study of leaiming; when it deals mainly with the 
period of response disappearance, it is a study of retention or 
iurgetting. , 


Interrelationships among Learning, Retention, and Transfer 

How we learn now is presumably always affected by what we have 
learned previously^ and this fact we refer to as transfer of learning. 
The amount of transfer may be quite small at times, but, in general, 
growing older and wiser means being able to utilize earlier learning. 
To reduce this to experimental terms, the study of transfer is the study 


of how some specified learning experience influences performance on 
a second specific task. x\part from, the possibility of near-zero effects^ 
we can see that transfer may be positive, as when familiarity with the 
court tactics of tennis facilitates the learning of badminton, or it may 
be negative, as when learning a friend^s new telephone number is 
hampered by confusion wfith the old one. Positive transfer, however 
ineSicient, must necessarily occur more often, or it would not be true 
that maturity brings wisdom. 

Just as learning is affected by earlier events, so is retention affected 
by events occurring during the retention period. Transfer, positive 
and negative, is therefore a determiner of both learning and forgetting. 
We shall later work out its relations to each. 


BASIC EXPERIMENTAL DESIGNS 


Learning 

All the factors which are knowm to influence the learning process 
can be classified in three general groups: (1) those characterizing the 
learner: his motivation, ability, fitness, etc.; (2) those characterizing 
the task to be practiced, e.g., the meaningfulness of the material or 
the amount of it; (3) those found in the conditions of practice or 
training — degree of distribution of trials, use of rewards and punish- 
ments, amount of self-rehearsal permitted, etc. We can summarize 
the factors in a learning experiment thus: 

Control group: Si Ti Pq 

Experimental group: Si Ti Pi 

This notation signifies that two groups are equal in the way the 
subject variables and the task variables operate, but that they differ 
in the way some single practice variable operates. (The single differ- 
ence between the control and experimental conditions obviously could 
lie in the subject or task variables rather than the practice-condition 
variables.) Given some such single variation in a factor affecting 
learning, the basic experiment consists of securing learning curves 
for the two conditions or groups, or securing measures of time to 
mastery. 

Either the factorial or the functional variety of experimental design 
may be employed for the basic learning experiment. (See Chapter 1.) 
To illustrate the application of these types here, we can refer to an 
experiment in which the major independent variable was the amount 
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of material to be learned and the dependent variable was learning 
rate or time [6]. Nonsense syllables were memorized. (A typical 
nonsense syllable is TIV — ^two consonants with a vowel between, 
chosen so that no meaningful word is thereby formed. Nonsense 
syllables are often employed in learning experiments because they 
give no special advantage to any learner; i.e., they afford control of 
the variable of familiarity or association value.) In what we shall 
call a control condition, only eight syllables were to be learned, about 
as close to zero in amount as can be employed and still have anything 
more than learning at a single glance. In the experimental conditions 
progressively larger numbers of syllables were employed. 

Suppose that we did not know whether amount of material really 
has a bearing on the time necessity for memorization. We might then 
employ only the control and one experimental condition — the factorial 
treatment. In the experiment under consideration, a table such as 
the following might have resulted: 

Time to Mastery, 

Minutes 

Control (8 syllables) 0.13 

Experimental (16 syllables) 3.67 

Clearly, the amount variable makes a difference to the dependent 
or rate-of-learning variable. 

If we now shift to the second form of our basic design, the func- 
tional, and add several experimental conditions (differing in amount 
of material) , we learn, not simply that our major independent variable 
is a significant one, but, in a more complete way, how it relates to 
the dependent variable. See Fig. 1. 

As a final way of stating the difference between the two forms of 
the basic learning experiment, we can note that the factorial experi- 
ment is usually summarized by separate learning curves for the two 
conditions, rather than by just a single score for each. Each curve 
individually shows the relation between level of mastery and an inde- 
pendent variable w^hich is essential, but of secondary interest in most 
experiments: amount of practice. We must look at the difference 
between the two curves in order to decide if the independent variable 
on w^hich they differed is significant— the latter variable enters into 
the graph only in this mdfrecf way, even though it is the main object 
of study. By contrast, when several experimental conditions (e.g., 
amounts of material) have been employed, w^e usually choose a single 
index to represent the efiiciency of learning (e.g., time to mastery) 
and do not plot curves of learning. We then relate this efficiency-of- 
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learning index directly to the independent variable defined by the 
differences among experimental conditions, as in Fig. 1. 



Fig. 1. The relationship between learning rate (time) and amount of ma- 
terial. (After Lyon [6],) 

Retention 

The basic design of a retention experiment can be schematized thus: 

Control group: Li Ro Ti 

Experimental group: Li Ri Ti 

The notation Lx indicates the original learning; during it, of course, 
the three classes of variables named in the preceding section are 
operative but are of equal influence in the control and experimental 
groups. R indicates the retention period or the activities going on 
during this time, the subscripts 0 and 1 indicating that in this case a 
zero '‘setting” and an appreciably different “setting” on some variable 
to be identified in the intervening activities are being compared. Tx 
indicates the final test of retention, which is identical for the two 
gi’oups compared, as the scheme is presented above, and which affords 
the crucial data of the experiment. The major independent variable 
could, of course, lie in the learner variables or in the situation in 
which or by wdiich retention is measured, as well as in the intervening 
period. The implication of this scheme is that in a retention experi- 
ment the control and experimental groups must be matched on a 
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larger number of variables than in a learning experiment. That is, 
ill addition to matching in terms of subject, task, and learner vari- 
ables, there must also be matching, during the retention period, foi* 
siicli faet.in's as tile lengtli of retention intervai or activities other 
than those prescribed by the experimental design, as well as at the 
time of the retention test, for such factors as attitude, fatigue, or 
physical sumiundings. 

Needless to say, this experimental design can be emiiloyed in a 
factorial experiment, or in a more complete one. 

Transfer 

The following is the basic design of a transfer experiment; 

Control group. — *1-2 

Experimental group: Ei Li A 2 

The crucial thing is the comparison of the two groups on yl2, after tlic 
experimental group has experienced Li and the control group has not. 
Witliin Li are included the three classes of learning variables. From 
any one, the major independent variable may be chosen. A 2 may 
also be a learning task or may be a retention test including variables 
such as were mentioned in the previous section. The notation Ex 
indicates that some preliminary means must be found of equating 
control and experimental groups, and this may be a learning task for 
which ^2 is a test of retention. Any difference between the two 
groups on A 2 alone might, without this precaution, be attributable to 
ability or some other variable, rather than the prior learning of Li by 
the experimental group- 

By now the student will expect that this basic design can be varied 
by the introduction of a series of experimental groups, rather than 
just one, and by variations in either Lj or A2. In all cases, however, 
learning curves or other data concerning performance on A2 are the 
crucial data of the experiment. 

VARIABLES ORDINARILY IRRELEVANT TO STUDIES 
OF LEARNING, RETENTION, AND TRANSFER 

Here we shall discuss independent variables which are commonly 
recognized as playing a role in laboratory experiments on learning 
and related problems, but which often are not of direct interest and 
must therefore be kept from contributing to the major result of an 
experim'Ont. The techniques discussed earlier {see Chapter 1 ) are 
used; i.e., some unwanted variables can be eliminated altogether, 


some can only be held constant, some can literal!}" be made to operate 
identically for all subjects, and others cannot be held constant in any 
literal sense, but must be made to ^^average out’^ the same for each 
condition or group. We .shall show how each technique may be 
applied to our particular area of investigation. 

Individoal Differences in Ability 

Our main interest is in the principles governing the processes of 
learning and forgetting. It is true that some subjects learn more 
quickly than others or retain better, and in the absence of other 
explanations we may attribute such differences to ability. (In this 
connection a narrow definition of ability, especially one implying 
hereditary determination, is not intended, because pre-experimental 
language skills, familiarity with experimental procedures, etc., may 
all be included wdthin the family of individual-difference variables.) 
Since we are not directly interested in such variables, the distribution 
of ability differences should be comparable in the control and all 
experimental groups, so that ability could not reasonably be thought 
the factor responsible for differences between their performances. 
Individual differences cannot be eliminated and therefore must be 
held constant, as reflected by averages on the irrelevant variables for 
different groups or conditions. 

Motivation 

The same statement must be made for individual differences in 
interest, or cooperativeness. Care must be taken in the experimenter’s 
treatment of the learner, or in the learner’s contacts with the assigned 
task, so that motivation is on the average equally great in all experi- 
mental conditions. Preferably, motivation should be maintained at 
a relatively high level in studies of memorizing, since this aids in 
reducing the effectiveness of possible distractions or boredom. 

Under certain circumstances motivation, especially where it is 
defined as the set the subject has toward his verbal learning task, 
becomes a variable of direct interest, rather than indirect. By defini- 
tion it then differs in a planned way from one experimental condition 
to another and is not to be classed as an irrelevant factor. 

Non-experimentai Practice 

In the realm of verbal learning, control is often made difficult 
simply because the subject constantly uses language. He needs 
neither the apparatus nor the conditions of the laboratory in order to 
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rehearse or review or recite. Such additional practice can occur in 
varying amounts while the learner is in the laboratory or out of it. 
Special attention must always be given to control of the rehearsal 
variable, lest it vary along with whatever major independent variable 

is being studied. 

A check on rehearsal should be made by questioning the subjects 
concerning how much of it they did. Presumably, rehearsal may be 
reduced by instructions, but not certainly. This immediately brings 
up the difficult question of what to do about subjects who admit 
atypical amounts of rehearsal. The most defensible procedure is to 
compare subgroups of learners who report themselves as affected by 
the unwanted variable in differing degrees, to see whether their per- 
formances on the main dependent variable is thereby affected. Beyond 
this, there is the possibility of eliminating subjects who admit non- 
experimental practice. The discarding of subjects, however, is a 
procedure open to many errors of bias and should be avoided except 
under the most explicitly defined and rigidly enforced rules. We 
must conclude that, so long as the conditions of an experiment freely 
permit the possibility of review or rehearsal, there is no good way to 
remove this source of ambiguity from the data. 

A preferable procedure, to be illustrated later, is to confine the 
entire study to a period when the subject is under the control of the 
experimenter and then to design the procedures so that little oppor- 
tunity is given for uncontrolled practice. For example, if the learner 
is to be given a rest period, he may well be assigned, during that period, 
an activity which precludes attention to the main learning activity. 

There is another aspect of non-experimental practice which must 
always be considered. It may be referred to as prior practice or, more 
specifically, familiarity with the task which is to be practiced. Care 
must be taken that the learning task is equally familiar or equally 
unfamiliar to all subjects. Of course, no experimenter would permit 
a few subjects to have /^just a little peek'^ before the experiment 
starts, but it is quite difficult to select verbal materials which do not, 
just on the basis of chance, give special advantage to some learners. 
One common way of controlling this variable is to employ nonsense 
materials, i.e., unfamiliar ones, for all subjects (see Lyon’s study 
earlier in this chapter) . The familiarity variable is so important 
that we shall refer to it later in this chapter as though it constituted 
a special category. 

Series or Order Effects 

In memory experiments one must guard against the usual series or 
order effects (see Chapter 1), but the outstanding problem is that a 
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single subject's performance, if he is used more than once in an inves- 
tigation, may show the effects of familiarization, increased confidence, 
or some more specific transfer factor, such as practice effects peculiar 
to his task. Series or order effects, in studies of learning or retention, 
are ordinarily held constant by counterbalancing. We shall illustrate 
the application of this technique later. 


Test-practice Effects 

In the field of verbal learning, one must always be alert for the 
possibility that even a single glimpse or hearing of the materials to 
be learned will influence the subject. The problem is of special 
importance in any experiment where it is necessary to give subjects a 
preliminary trial or a preliminary test of mastery for purposes of 
equating groups. Where such procedures cannot be avoided, a control 
group, otherwuse identical with the experimental group, must be 
employed to secure a measure of the test-practice or familiarization 
effects (see Chapter 1). 

In concluding this discussion of ^^unwanted” variables, it should 
be pointed out that the chance variability in responses among the 
members of a group is usually greater than the variability in responses 
of a certain individual under the several conditions of an experiment. 
We can therefore reduce the influence of a good many random factors 
by subjecting a -single group of people to all the conditions of our 
experiments, rather than using a new group of subjects in each experi- 
mental condition. In the single-group procedure, where the irrelevant 
and random independent variables are not so significant, there is a 
greater likelihood of our detecting the influence of the major variable. 
Such a procedure of course increases the possibility of series or order 
effects in the data, but since these can be anticipated and taken care 
of through counterbalancing, they can be controlled quite effectively 
and do not detract from the success of the experiment. Especially 
where the preliminaries of an experiment require considerable time 
or effort for each subject, the single-group procedure may be 
advantageous. 


METHODS OF STUDYING LEARNING 

We shall select, from among the large number of variables wliich 
can be and have been investigated in learning experiments, only two 
for discussion here, with mention of a third. It will be recalled that 


the sigiiifii*cint variables iail into three classes: those in the learner, 
the task, and the practice conditions. Our examples are chosen, one 
from each class, in the order named, and our emphasis is on methods 
of investigation, not results. 


A Variable In the Learner: Degree of Induced Muscular Tension 

and Learning Efficiency 

It is generally recognized that a moderate degree of alertness is 
beneficial to learning, or, more obviously, great relaxation or great 
tension on the part of the learner is not conducive to learning efficiency. 
To investigate this general relationship adequately, it is necessary to 
develop a specific measure of bodily tension, a measure of learning 
efficiency, and an experimental plan to vary the tension (independent 
variable) while numerous other determiners of learning efficiency 
are controlled. This has been done by Courts [1]. 

As did Lyon (see p. 67), Courts required his subjects to memorize 
syllable lists, with the difference that Courts’s lists were 6 items long, 
and each item was to be spelled. The list was presented, one item at 
a time, by an automatic exposure device, the memory drum. The task 
of the learner, after the first ^'reading trial,” was to anticipate and 
spell each syllable by using its predecessor as the cue. In order to be 
credited as correct responses, the letters had to be pronounced before 
the item actually turned up in the viewing window of the memory 
drum. The dependent variable thus was the total number of correct 
anticipations (letters) during the prearranged number of trials given 
under each experimental condition. On the first and second practice 
days the subject had 5 trials on each of 4 lists. On the third, or 
experimental day, the subject learned a total of 12 lists, 2 under 
each of the prescribed tension conditions, but with other conditions 
interspersed. 

The independent variable, as just implied, was the degree of muscu- 
lar tension induced in the learner by squeezing a dynamometer 
continuously as he learned a list. Each subject was asked, on the 
first day of his service in the experiment, to squeeze the dynamometer 
as hard as possible and hold that grip for 30 seconds. Whatever his 
grip strength at the end of the 30-second period, the amounts of effort 
he later had to exert continuously in different experimental conditions 
were fractions of it. The control condition of the experiment was of 
course 7 io dynamometer squeeze during learning. In the five experi- 
mental conditions, the learner held the dynamometer at %, 

and % his maximum test grip. 
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The procedures for controlling -several independent variables are 
implied in what has already been said about this experiment. (1) The 
factor of meaningfulness or familiarity in the lists was reduced to a 
low and presumably equal level for all learners by the use of nonsense 
syllables which had to be spelled. (2) On the other hand, the general 
strangeness of anticipation learning and memory drums was reduced 
by practice on two days before the crucial experimental day. (3) 
Variations in the rate of exposure, legibility, etc., of the lists w^ere 
eliminated by use of the memory drum. (4) The amount of material, 
i.e., the length of the list, was a constant for all conditions. (5) The 
strength of grip possessed by different people varies widely; the use 
of the fractional grip, where each person set his own standard, 
assured Courts that the different degrees of tension required in the 
five experimental conditions would possess the same significance in 
relation to one another for each learner. (6) The troublesome vari- 
able of individual differences in learning ability was held constant 
by using each subject in all conditions. 

We can mention several other controls, (7) The learner was aided 
in maintaining whatever fractional grip was set for a certain experi- 
mental condition by an electrical connection on the dynamometer: so 
long as his grip was approximately correct, a light in the periphery 
of his field of vision stayed on; if he changed his grip too much, the 
light went out. (8) Each learner served under a total of six condi- 
tions, each twice, and he of course had to have a different list for each 
assignment. Three sources of series effect were thus made possible. 
The first was the order in which the lists were learned; for example, 
if the same list were always the fourth one, and it by chance was an 
easy one, the apparent efficiency of learning would be increased but 
not through the operation of the major independent variable, tension. 
The second and related effect might occur in the form of transfer; 
as the learner went from one condition to the next, there might be 
increasing difficulty in forgetting earlier lists or in keeping them from 
interfering with the present one. Or, at the opposite extreme, some 
general practice effects might continue to appear, even after the two 
preliminary practice days. The third series effect could lie in the 
fractional grips themselves; if they always increased, or always 
decreased, as the experiment progressed, systematic fatigue or motiva- 
tional changes might occur from condition to condition. All three 
series effects were held constant by using different (random) orders 
in which the lists occurred and different orders in which the fractional 
grips were employed, for various learners. Any differences among the 
,, several experimental conditions therefore could not be attributed to 
a systematic error in the order in which either they or the lists were 
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employed. (9) Fatigue in general was reduced on the experimental 
day by giving frequent betw^een-condition rests. 

Such factors as (10) non-experimental practice were ruled out by 
using lists which were unknown to the learner until the very moment 
he wms to learn and by giving rest periods only when the trials with 
a particular list w^ere all completed. (11) Motivation, and perhaps 
some other factors in the ability category, were in a sense controlled 
by using only college men. Sixty of them, all interested in psycho- 
logical work, at least to the extent of being elementary psychology 
students, served in the experiment. 



Fig. 2. Number of letters correctly anticipated in five trials, as a function of 
tension induced by gripping a dynamometer. (After Fig. 2 of Courts [1].) 

The major results of Courts ^s study are summarized in Fig. 2. 
They speak largely for themselves and will not be treated in detail, 
since we are primarily concerned here with method. One point, how- 
ever, deserves mention. If Courts had been content to perform a 
factorial experiment, i.e., use only the control and one other con- 
dition, this is an instance in which either of two exactly opposite 
conclusions about the relation between muscular tension and learning 
efficiency might have been drawn. That is, if the one chosen experi- 
mental condition had been equivalent to the present %~grip condition, 
the final conclusion would have been different than if any other of the 
four grip strengths had been used. Thus the more complete form of 
design employed by Courts turns out to be striking in its advantage 
for study of this problem. It shows that learning efficiency increases 
as tension increases, up to some moderate tension level, and thereafter 
efficiency decreases. 

A Variable in the Task: Amount of Material and Learning Efficiency 

Since we have already discussed a variable in the task (Lyon’s 
study) we shall not choose a new example here. It wdll be sufficient 
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to point out that Lyon controlled (1) meaningfulness by using sylla- 
bles, (2) order effects by randomizing the various lengths of list, 
(3) non- experimental practice by learning each list at a single and 
continuous session, (4) ability by doing all the learning himself, 
and (5) general practice effects by thorough preliminary training. 
Although the data of Lyon are almost classical now and rarely ques- 
tioned, we must in honesty point out that (6) he could not be entirely 
ignorant of the structure of the lists, since he made them up himself 
(but he made so many, then shuffled them, that memory for each 
list was probably as good or as bad as for any list of a different 
length). Nor was there precise control over (7) his technique for 
learning, (8) transfer effects, (9) daily variations in efficiency. It is 
a tribute to Lyon’s rigorousness as an experimenter that his data are 
consistent with those obtained on larger numbers of learners by more 
completely planned and controlled techniques. 


A Variable in the Practice Conditions: Distribution of Practice and 

Learning Efficiency 

In the degree to which all independent variables are identified and 
the irrelevant ones controlled, few studies equal one by Hovland [3] . 
He himself was interested in the way a certain variable in the learning 
process affected forgetting, but we can take from his report the pro- 
cedures by which the desired variable was introduced into the learning- 
process, and the data showing how the learning was therebj' aft'ected. 
This variable was distribution of practice, and the experiment -was 
of the factorial type; i.e., the learner either practiced continuously or 
had a certain alternation of work and rest periods. In either case 
he continued practice until he made one perfect recitation. 

The task here, as in Courts’s study, was the anticipation learning 
of nonsense syllables by means of a memory drum. The syllable lists 
were 12 items long and were pronounced, rather than spelled. The 
dependent variable or score was therefore the number of correct 
anticipations on each trial. In the control condition each trial was 
immediately followed by the next, and in the experimental condition 
each trial was followed by a 2-minute rest interval before the next 
trial. Thus two “settings” of the major independent variable, distri- 
bution of practice, were established within the experimental design. 

During the rest periods the learner was given the task of naming 
bits of colored paper which were mounted on the memory drum and 
could be exposed at the will of the experimenter in just the same way 
as were the syllables. Each subject, in the part of the experiment 
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we are concerned with, served four times in the continuous-practice 
condition and four times in the distributed-practice condition. 

(1) familiarity of task was held constant by the use of carefiilh^ 
nuiisensi^ S3'll.ables. Tlie memory drum ensured tli at (2) rate 
of t^vpiiSiire, length of rest periods, and legibility were perfeeth^ con- 
slaiii. (d) Hie aniount-of-material factor was again a eonstaiit. 
(4) 'riie general strangeness of the anticipation-learning and color- 
iiaming feeiiniques was reduced and equalized by means of liberal 
preliriiinary practice. (5) Rehearsal, an exceedingly iinportant possi- 



Fig. 3. The average number of repetitions of list required to anticipate the 
various numbers of syllables correctly. (Adapted from Figs. 2 and 4 of Hov- 

land [3].) 

bility in the distributed-practice condition, -was precluded or at least 
greatly reduced by requiring the learner to attend to, or name, the 
bits of colored paper. Moreover, each list was used only during a 
single experimental period, so that non-laboratory review was pointless. 

(6) In such a long series of experimental periods, there is much 
opportunity for series or order effects to occur. All these effects were 
controlled by counterbalancing so tha4 the continuous-practice con- 
dition occuiTed before the distributed practice as often as the reverse 
w^as true. (7) Any possible failures of the lists to be equally difficult 

were spread equally over the two conditions as a part of the same 
counterbalancing scheme. 

(8) The important factor of ability was a constant, since each 
learner served in both conditions. (9) Distracting influences were 
minimized by performing the experiment in a soundproof chamber. 
The experimenter was out of sight behind a screen on the drum table. 
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(10) The variations in efficiency which go with time of day were held 
constant by keeping each learner’s appointment always at the same 
hour. 

The care which Hovland expended upon the planning and conduct 
of his experiment was repaid in the clarity of the major finding, which 
is represented in Fig. 3. One fact must be explained concerning this 
graph: The learner continued his practice until he could make a perfect 
series of anticipations, and Hovland later went through the completed 
record to find the number of trials required to score one correct 
anticipation, then the number of trials to score two correct anticipa- 
tions, and so on. For purposes of the graph, this number of syllables 
correct is placed on the vertical axis, so that you can read Fig. 3 just 
as though it were a typical plot of a learning curve. The major con- 
clusion, that the distribution of practice is beneficial, is self-evident 
in the relative heights of the curves above the base line and the number 
of trials necessary to reach a score of twelve, or one perfect recitation. 


Summary 

In each of the studies of learning just described, it was the intention 
of the experimenter to isolate the effects of a single independent 
variable, i.e., to vary it in a planned fashion and to relate it to a certain 
dependent variable. It w^as necessary to keep any other independent 
variable from contributing to the differences among the experimental 
conditions wdiich established the major independent variable. This 
required the experimenter to identify, and then to hold constant or 
eliminate, a large number of factors irrelevant to the major purpose 
of the study. Once the problem is stated, all these variables have to 
be considered. 


METHODS OF STUDYING RETENTION 

A Variable in the Conditions of Original Learning; Degree of 
Overlearning 

The study by Hovland can be said to follow the classical procedure 
of relating level of mastery to amount of practice, with the effects of 
the major independent variable in the study (in Hovland’s case, 
distribution of effort) being apparent only by comparison of the two 
separate curves. In studying retention there is a similar classical 
procedure, in which retention (or forgetting) is related to the length 
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of interval since practice, and the major independent variable of the 
experiment is evaluated by comparing two or more separate forgetting 
curves. Our first illustration of how retention is studied is an 
investigation of this type. 

Krueger [4] directed his attention to one of the most important 
factors in retention, namely, how well the material was mastered 
originally. The general outline of the study was as follows. Subjects 
memorized twelve-item lists of one-syllable nouns, and after 1, 2, 4, 7, 
14, and 28 days returned to the laboratory for a test of retention. The 
number of nouns correctly recalled was thus the dependent variable. 
Although time was an independent variable here, as was practice in 
the Hovland experiment, it is not of direct interest. In Krueger’s 
study the major independent variable was established by having the 
learner, in one condition, practice until he could make one perfect 
recitation. This can be thought of as a zero ^^setting” on the over- 
learning variable. In the experimental condition he practiced for half 
again the number of trials necessary to reach one perfect recitation. 
More specifically, if four trials were necessary in order for a certain 
person to recite a twelve-noun list without error, he would be given two 
more immediate (recitation) trials, for a total of six. 

The word lists were presented by means of a memory drum; the 
learner could use any ^^system” of learning he pleased, but had to 
be able to use the anticipation procedure on alternate (test) trials. 
A given learner served in both the control and experimental conditions 
with a given (constant) retention interval. Six different groups of 
subjects (twenty in each group, presumably college students) were 
employed for the six different lengths of interval. Any subject would 
obviously recfuire a new list for each condition that he served in and 
would have to come to the laboratory twice, once to learn, once to 
recall. 

In analyzing the variables involved in this study, we for the first 
time encounter a very common problem. (1) Different groups of 
subjects had different lengths of retention period, and scores at the 
ends of the several periods are the crucial data of the study. Con- 
fusion would be caused if all the different groups were not equal in 
their level of original mastery, within the control condition, and 
again -within the experimental condition. For the control condition 
this possibility was ruled out by Krueger by employing a criterion oi 
mastery, one perfect trial. All learners were made alike in level of 
mastery (by this definition) before the initial practice ceased. For 
the experimental condition, there is no easy guarantee that all groups 
were equal. Yet, because of the reasonable procedure of requiring 
50 per cent additional practice beyond one perfect trial, and treating 
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all subjects in this condition alike, we can rather safely assume that 
level of mastery was made a constant within the condition. 

The remainder of the controls exercised by Krueger should be 
routinely expected by now. (2) Rate of exposure of the materials, 
(3) amount of material, and (4) meaningfulness of the materials were 
all held constant by the use of the memory drum and the selection 
of items for the lists. With noun lists, however, there is more leeway 
for chance operation of the factor of familiarity or nieaningfulness 
than with syllable lists. (5) Series effects were equalized for the two 
levels of original mastery required, by having different learners go 
through the control and experimental conditions eciually often in the 
two possible orders. Practice effects were in general reduced by 
giving each subject preliminary training in the type of learning here 
required of him. Order effects originating in unequal difficulties 
of list were ruled out by distributing the necessary number of lists to 
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Fig. 4* Average percentage of nouns recalled after varying numbers of days, 
(After Table !1 of Krueger [4].) 


all the learners in such a way that, for a particular retention interval, 
twenty different lists would be involved at each of the two levels of 
mastery employed, and the same would be true for each of the other 
retention intervals. 

(6) We do not know how constant was the motivation of Krueger’s 
subjects, nor do we know much about their (7) learning abilities. 
This seventh factor is presumably of minor importance anyway, in 
view of the steps taken to control level of initial mastery by using a 
criterion. There is quite a large group of unknown and uncontrolled 
factors in the retention period through which Krueger’s subjects w^ent. 
For example, (8) did they review at all, or in differing amounts? 
(9) Did they learn other things wdiich w^ould interfere with retention 
of materials learned in the laboratory? We do know that final recall 
was measured in the same way as w'-as the original mastery, so that 
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(10) variables ^in the retention test are constant, unless there was 
variation in time of day, with its implications for fatiaiue or 
fitness. 

We can only hope, along with Krueger, that such factors did not 
operate to create a difference between the control and experimental 
conditions or among the different retention intervals within a condition. 
That thej’’ did not seems probable in view of later research. At any 
rate the main trend of Krueger’s data is very apparent and consistent 
in Fig. 4. As we have reported this study, 50 per cent overlearning 
produces a clear superiority in retention. We could have reported 
additional data from Krueger wdiich at least suggest that further over- 
learning is not equally beneficial. Data are not available for enough 
]3ositions along the degree-of-mastery continuum to Justify our present- 
ing more than the “presence-absence” portion of the experiment here. 
That the presence of a moderate degree of overlearning is beneficial 
to retention, however, is hardly to be doubted. 


A Variable in the Conditions of the Retention Test: the Technique 
of Measurement 


Up to this point wc have disregarded the fact that there are several 
different ways of measuring how much a subject remembers. These 
methods of measurement do not necessarily produce the same appear- 
ances of retention, and, indeed, they may not result in the same 
relative rank for a given person within a group of learners. Variations 
in the method of measuring retention are included in the general 
class of variables influencing a person during the retention test. In 
this same class are such variables as the amount of distraction, the 
appropriateness of the person’s set for what he is to do, and the general 
similarity of retention-measurement circumstances to the circumstances 
of the original learning (technically, stimulus context). 

In another nonsense-syllable, memory-drum experiment, Luh [5] 
investigated the relationship between the type of retention measure 
and the amount retained. The learner was required to spell the 
syllables, using the anticipation procedure, and he continued practice 
until he had made one perfect recitation. After the criterion was 
reached, a period of 20 minutes, or 1, 4, 24, or 48 hours ensued before 
he returned to the laboratory for a retention test. (These intervals 
establish what for this study is an independent variable of secondary 
interest.) Each of ten subjects served several times fur each of these 
different retention intervals. 
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The number of syllables correct was again the dependent variable. 
The major independent variable was established as follows. In half 
the tests after a given retention interval, two different measures of 
retention were secured. One was the person’s score on the first trial, 
for which the anticipation method was employed, as during the 
original practice. Without pause, he continued this procedure until he 
had relearned to the criterion of one perfect recitation. The score on 
the first trial alone was a recall score. The difference between the 
number of trials required for original learning and for relearning to 
the same criterion was a savings index. (It should be clear that the 
more the subject retains, the more trials or effort he will save in the 
relearning process.) In the other half of the retention tests, after a 
certain retention interval, the subject was first tested by being handed 
pencil and paper and told to make a written reproduction of the list 
he had originally learned. He then was handed a list of twenty-four 
syllables, among which he had to identify the original twelve. This 
permitted a recognition score. Finally, the subject was given the 
original twelve syllables, printed on separate cards, and required to 
place them in the proper order. This yielded a rearrangement 
measure of retention. It will be noted that the independent variable 
established in these five methods of measurement was a qualitative 
variable, not a quantitative one; i.e., the “settings” on it differed in 
kind rather than in degree. 

We shall not repeat the listing of variables held constant through 
by-now-familiar apparatus and learning materials. Certain other 
controls, hovrever, merit our attention. (1) The use of a criterion 
of mastery to which all subjects were brought during the original 
learning was basic to this study. Otherwise, differences in measured 
retention might be mere reflections of level of original mastery, as 
Krueger’s work would lead us to expect. Using the criterion procedure 
and (2) using the same subjects for all conditions on the major 
independent- variable method of measurement, served to reduce the 
effects of individual differences in learning ability. (3) Since each 
subject served in several repetitions of each condition of the experi- 
ment, there was the usual opportunity for series or order effects to 
occur. As did the other experimenters whose work we have reported 
here, Luh gave his subjects several preliminary praGtice sessions. 
Then, during the experiment proper, he used the specific conditions 
and lists in different orders for each subject, so that no particular 
condition was favored or handicapped by virtue of its position in the 
series. (4) Each subject used the same hour of the day for his original 
learning and returned later in the day or on a following day for the 
retention test. Under such a plan, any retention interval longer than 
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4 hours, but within the scope of a laboratory day,_ is almost sure to 
make the retention test come wdien the subject is reaching the ^h'ag- 
end^’ of his day. Therefore all intervals between 4 and 24 hours were 
simply not used by Luh, who concentrated his efforts on intervals 
where relative fatigue was not such a probable differential among the 
several retention measures. 

Again, we must point out that (5) non-experimental practice was 
not controlled, nor was information sought from the subjects con- 
cerning the strength of their tendencies toward review. The factor 
which probably counteracted such tendencies was the knowledge, on 



1 hour 4 hours 1 day 2 days 

Length of retention period 


Fig. 5. Percentage of original materia! retained, as determined by five 
methods of measurement, and related to length of retention interval. (Adapted 
from Fig. 2 of Luh [5].) 

the part of the graduate students and instructors who served as sub- 
jects, that such review would defeat the purposes of a study in which 
they had a professional interest as well as the usual interest of a 
cooperative subject. (6) The factor of set, or expectation to use 
one method rather than another in the retention tests, is not mentioned 
by Luh, but presumably was kept from being a significant or system- 
atic factor in the results by using an unpredictable order in which 
different methods were to be employed for each subject. 

Out of this study comes a conclusion significant for all students of 
retention (see Fig. 5) : the percentage of material retained varies 
according to the type of measurement of retention, and, more than 
that, the rank order of the several methods is not the same after 
different lengths of retention period. 



A Variable in the Conditions of the Retention Period: Intervening 
Learning 

One classieal form of ■ experiment lias been iliat dealing with Hit- 
phenomenoii of retroactive mhibition. By fills term is indicated the 
handicap (inhibition^ placed on retention of any tu-iginal iemiiliig if 
there follows, between the original learning and the test for it, any 
other learning activity. The effects of intervening leariiing depench 
in turn, on several factors, of which one of the most significant is the 
degree of similarity between the original and interpolated tasks. An 
experiment on this factor has been performed by Gibson [2], and 
although it involves perceptual learning rather than purely verbal 
learning, her report offers the best example for our present purposes. 

Since Gibson wished to investigate the relationship between the 
degree of retroactive inhibition, as we have defined it above, and the 
degree of similarity between the original and interpolated learning 
tasks, she had to begin by establishing a degrees-of-similarity variable. 
This required a preliminary experiment, and we shall describe this first. 

Paired-associate learning was employed. Thirteen outline drawings 
(stimulus forms) were prepared (see the first column of Fig. 6), and 
with each was paired a monosyllabic word. The task of the learner 
was to view each successive pair briefly, and to associate the given 
response word with each form. On the test trial, the stimulus forms 
alone were shown, and the subject was required to write the response 
words. 

With the assistance of judges, 2 other lists (classes II and III) of 
forms were prepared; these lists were judged to represent degrees of 
similarity to each of the forms of the standard list. One additional 
list (class IV) was judged to have no similarity to the items of the 
standard list. Then came the experimental determination of the 
degrees of similarity of stimulus forms in lists II, III, and IV to those 
in list I. Several different groups of subjects (from 19 to 29 in a 
group) had 5 presentations of the standard list, each presentation 
followed by a test trial with the forms only. (This brought all groups 
almost exactly to the point where they could, on the average, give 
12 correct responses out of the possible 13.) Then, after 24 hours, 
each group was shown of the forms from the standard list inter- 
mingled with some forms from classes II, III, and IV, enough to make 
a list of 13. They were told, at the 24-hour test, that they should 
write as many responses as possible, and that they might not remember 
all the stimulus forms exactly. They were not told, however, that 
several of the stimulus forms were merely similar to those originally 
seen. 



Gibson thus could use the percentage of appropriate word responses 
among her subjects as evidence of how nearly equivalent any form in 
classes II, III, or IV was to its counterpart in class I, i.e., how probable 
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Fig. 6. The stimulus forms of the four classes, together with percentages of 
correct responses to each form, and the average percentage correct. (After 

Fig. 3 of Gibson [22].) 

it was that tlie new stimulus would evoke the same response as the 
old. Furthermore, the total percentage of appropriate responses, for 
all forms in each class, was a quantitative indication of the general 
degree of similarity of each list to list I. The percentage of correct 
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responses to forms' of class I (standard) was 84.5 on the ''retention'’ 
test; the percentage for class II, 41.1; for class III, 9.7; and. for class 
IV, zero. These values indicate, then, the relative similarity of each 
of three lists to a standard list. All this procedure was preliminary 
to the retroactive-inhibition experiment proper. 

In the main experiment the dependent variable was the proportion 
of correct responses on a final recall trial. This final trial was pre- 
ceded by the original learning of the standard list of forms paired 
with nonsense syllables and then by interpolated learning. The 
original and interpolated lists w^ere each given 5 exposure trials which 
were in every instance followed by test trials as in the preliminary 
study. 

During the interpolated learning period the standard list was used 
for additional trials by one group of subjects; lists II, III, and IV were 
used with other groups; and no learning, i.e., rest, was interpolated for 
a control group. In all but the control group, then, the subject first 
learned a certain set of syllable responses to the standard list of forms. 
He then followed the same procedure with a second list of forms, either 
identical with or 'possessing some known degree of similarity to the 
original list; paired with the stimulus forms of this second list were 
new syllables. Finally, the subject tried to recall the responses of 
the original list, when shown only the standard forms. Ail subjects 
were college students; in size, the groups ranged from 22 to 39. 

The conditions of the retroactive inhibition experiment, as thus far 
described, indicate the control of several variables. (1) Level of 
mastery of the original list was not identical for every subject in this 
experiment, but the average test-trial score at the end of original 
learning was almost exactly 8.0 (out of a possible 13) for every group. 
(2) It was desirable to rule out variations in the difficulty or famili- 
arity of the response terms, which Gibson did by using nonsense 
syllables. Also, the responses acquired during the original learning 
were identical, i.e., of equal familiarity, for all subjects, and the same 
was true for interpolated learning. 

(3) The rate of exposure of the paired-associate lists, the timing on 
retention-test trials, and the timing of rests were all handled according 
to a prearranged and exact schedule, so that no group (or condition) 
had any special advantage. (4) The order in which the pairs w^as 
presented w^as varied from trial to trial to rule out anticipation learn- 
ing. (5) Once the original learning began, there w^as little or no 
opportunity to do any rehearsing. In the control group, wffiich rated 
cartoons during its rest period, there is at least a possibility that 
review w^ent on, but probably no subject rehearsed intentionally or 
systematically. 
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We must now consider the control group. Tliey merely learned tiie 
standard list under the usual conditions, then had no special inter- 
vening learning (the time was spent selecting worst and best cartoons 
from the New Yorker magazine), then recalled in the usual way. 
(6) Any unknowm factors correlated with the passage of time in the 
experimental conditions can be assumed to operate in the same way 
in this control group. Their recall scores can be called “normal’’ 
scores, which are free only of the effects of intervening learning. In 
the experimental group the retention scores after interpolated learning 
can be compared to these “normal” scores in the control group by 
the formula: 


Per cent RI = 


E 



where RI is retroactive inhibition, C is tbe mean recall score of the 
control group, and E is the mean recall score of the experimental 
group. We thereby secure a measure 
of retroactive inhibition in the experi- 
mental conditions which is comparable 
from one condition to the other and 
which represents the effects of inter- 
polated learning only. 

The results of this experiment, as 
shown in Fig. 7, are quite consistent, 
but to understand them we must 
appreciate an important point about 
the experiment. The subjects of 
group I learned two different responses 
to each stimulus form of the standard 
list. The subjects of, say, group III 
learned one set of responses to the 
standard list and a different set of 
responses to an interpolated list in 
which the stimulus forms were only 
slightly similar to those of the original 
list. The amount of confusion exist- 
ing at the time of recall (and there- 
fore the number of failures to produce 
the right response) should be greater 

in group I. This point underlies the relationship shown in Fig. 7: the 
greater the similarity of the two sets of stimulus forms, the greater 
the amount of retroactive inhibition. 
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Degree of similarity 

Fig. 7, The relation between 
degree of simifarity between 
stimulus forms of original and in- 
terpolated lists and percentage 
of retroactive inhibition. (After 
Fig. 5 of Gibson [2]; abscissa 
originally labelled “degree of 
generalization.”) 




Summary 

As was mentioned earlier in this chapter, the design of a retention 
experiment is inlierentiy more complex than tliat oi a learning experi- 
ment; there is simply more possibility ior ilTeie^'alit lactoi\s to i)peraie 
in the time intervals, (or aetmtiesi and retention tests, wiiieh lypieaily 
follow the original learning. The review in which we hav't^ just 
engaged shows that it is possible, and necessary, to control all these 
additional variables. Apart from the usual intangible of motivation, 
the only factor not submitting satisfactorily to control by a careful 
experimenter is rehearsal in that type of study where non-laboratory 
intervals are required. It may well be emphasized that, in aiw study 
analyzing the effects of factors in retention period or retention test, 
the original learning must be carried either to the same level for all 
subjects (by use of a criterion) or to the same average level for all 
groups or conditions (checked after the data have been collected, 
if necessary) . 


METHODS OF STUDYING TRANSFER 
A Variable in the Task: Interlist Similarity 

Gibson^s experiment, which has been treated as a study of a factor 
in retention, also serves as an introduction to the study of transfer. 
First, and most obviously, the difference between the recall scores of 
the control gronp and any experimental group is to be attributed to the 
interpolated learning. The result is a handicap, i.e., negative transfer. 

A second, and as yet unmentioned, illustration of transfer is afforded 
by Gibson’s study; it is found in the learning of the interpolated list. 
This too is an activity preceded by a learning task. Assuming that 
the subjects of each experimental group, on the average, wnre equal 
in ability, one might possibly expect their learning of the interpolated 
list to be equal in average rate. Gibson’s data show, however, that 
the similarity of interpolated stimulus forms to the standard (first) 
list affected the rate at which the second list was learned. More 
specifically, when the stimulus forms of the interpolated list were 
identical wdth those of the original list, we should expect the ^'old” 
responses to bob up and hamper the interpolated learning (negative 
transfer) . When the stimulus forms of the interpolated list were not 
so similar to those of the original list, the transfer of “old” responses 
was less probable and the learning should have been easier. Evidence 
that transfer occurred in this manner, i.c., that it was dependent upon 
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the similarity factor, was secured by Gibson: after 5 trials with inter- 
polated stimulus forms identical with the standard list, the average 
score ^vas 7.7; for interpolated list II, this average was 9.7; for lists 
III and IV (little and no similarity) the values were 10.0 and 9.8 
respectively. 

It should be evident that a study of transfer does not literally 
demand a different method than that employed for retention experi- 
ments in general, except that emphasis is placed on the point that the 
first of any two successive activities must be a learning task. Only 
then does it make sense to analyze the second activity, whether it be 
a retention test or further learning, to see what carry-over from the 
first task there has been. 


A Variable in the Conditions of Practice: Amount of Prior Practice 

We have had occasion to point out several times that experience 
with an experimental task may introduce an irrelevant variable, 
general practice effects. These are in the category of series or order 
variables; the implication is that positive transfer occurs from one 
condition of an experiment to another. Although it is true that from 
an experimental point of view such transfer is often undesirable, out- 
side this setting positive transfer is normally to be desired. After 
all, as we have indicated, it is the general basis of wisdom or sophisti- 
cation. The experiment which we now analyze is an example of 
procedures for investigating these general practice effects, and although 
the original author was not directly interested in this topic, the design 
obviously could serve as a framework for many other types of studies. 

In one part of a study employing paired-associate learning (see the 
foregoing account of Gibson’s study), Underwood [7] investigated 
the relation between the ease or difficulty with which a standard list 
is learned and the number of lists previously learned. Each list con- 
tained 10 pairs of two-syllable adjectives, the first or stimulus member 
of a pair always being the same throughout the several lists learned 
by a given subject, and the second or response member varying from 
one list to another. Practice with the last (the standard) list was 
carried to the point where the subject could make 6 out of 10 responses 
correctly. . • 

The dependent variable in Underwood’s experiment was the total 
number of trials necessary to reach the criterion of 6 correct. Thti 
independent variable was established by using a control grou]) which 
had zero prior learning (no lists before the standard list), and throe 
experimental groups required to learn 2, 4, or 6 prior lists. If the 
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stimulus and response terms for one pair in the standard list are 
designated A-B, the corresponding terms in one of the conditions 
(4 prior lists) would be A-F, A-E, A-D, A-C, A-B. The control 
group, of course, learned only the list containing the A-B pair. 
Twenty-four subjects each served in all 4 conditions. 

The variables controlled by Underwood and the ways in which they 
were controlled need only be listed, since his procedures were so nearly 
those which the student will now recognize as standard in the verbal 
learning field. (1) Preliminary practice periods, two in number, 
familiarized the subjects with the learning technique and materials. 



Fig, 8. The relation between number of prior lists and number of trials to 
learn to a criterion of 6 correct on the standard list. (After Table 13 of Under- 
wood [7].) 


(2) Order effects within any list were reduced by presenting the paired 
associates in several different ordei's, while (3) order effects due to the 
repeated use of the same subjects were equalized by counterbalancing 
the order of conditions from one subject to another. (4) Differences 
among lists were equalized by using each set of lists equally often in 
all conditions. (5) Individual differences in learning ability were held 
constant by using the same subjects in all conditions. (6) Level of 
mastery of each prior list was held approximately constant, on the 
average, by using a fixed number of presentations, four, for each such 
list. (7) Rate of exposure was automatically controlled by the use of 
a memory drum. Such factors as (8) time of day and (9) motivation 
are not mentioned by Underwood, but the subjects were all volunteers 
from psychology classes. Presumably they would have been coopera- 
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tive and would liavc served at approximately the same time eacli 
day. 

The results of this study are shown in Fig. 8. They are not quite 
what might have been expected, for wuth an increase in the nimiber of 
prior lists, there is a very slight but gradual reduction in the difficulty 
of learning the standard list. The way in which the lists were con- 
structed (A-C, A-B, etc.) would, on the basis of Gibson’s experiment, 
lead us to expect negative transfer, or handicap in the learning of the 
standard list. In Underwood’s study, however, the increasing number 
of lists in the prior learning gave progressively more practice at asso- 
ciating different lists of responses with a stimulus list, and this was 
the basis of positive transfer to the learning of the standard list. It 
was a general practice effect within an experimental condition. 
(Literally, for Underwood, this general practice effect was an irrelevant 
but not fully controlled variable.) 

Considered as a design for the study of transfer, Underwood’s 
experiment very nearly avoids one perplexing problem : how to match 
control and experimental groups for ability before they learn the prior 
or standard materials of the experiment. In this experiment the same 
subjects were used in all conditions, so this factor was held constant. 
We turn now to a study in which this procedure was not feasible. 


A Variable in the Learner; Set to Transfer 

A study by Woodrow [8] concerns a point of wide interest. For 
several years before his work, an emphasis had been placed on how 
little positive transfer there is from one learning situation to another. 
Woodrow simply shifted the emphasis and asked, Is it possible to 
train subjects so that the techniques of memorizing acquired during 
the training period will be used to advantage on later occasions? 

The general plan of the study was as follows. Three groups of 
subjects were given initial tests of memorizing ability. These were 
measures of the time necessary to memorize certain materials, or the 
number of items remembered after a certain study period. A control 
group (106 college students) had no further laboratory experience 
until the final (and different) tests were given. One experimental 
group {N = 34) had a total of about 3 hours of practice at memoriz- 
ing with no special training— they were simply told to “learn by heart.” 
Another group {N == 42) had special training. They too spent about 
3 hours, but nearly half of this time w'as spent in learning seven simple 
rules and how or when to use them. (A sample rule: use rhythm and 
grouping to facilitate memorizing; another: learn by wholes, rather 
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than by parts.) Sucli practice time as they had was spent in con-, 
scioiisly applying this knowledge of technique. Both experimental 
groups had final tests comparable with those of the control group. 

The experiment was made somewhat more (‘ninprrhensivi' by 
iiig six different types of memory material in ilie initial and final letPs; 
poetry, prose passages, miscellaneous factual items, 'T'orkisli-Eiigii^ii 
vocabulary equivalents, and little-known, hisinrii-al dalass. (Tliu lust 
two are, in effect, paired-associate learning.) During tiie period 
between the initial and final Tests the pract.ice and training groups 
dealt only with nonsense-syllable ' paired associates and with poetry. 
Both groups were told that the practice they had wfitli these materials 
would be valuable later. Except in the case of poetry, they did not 
actually have any direct practice with materials like those of the 
fi,iial test. 

The dependent variable in this experiment is obviously the score 
on any given final test material. The major independent variables 
are really two in number. One, a qualitative variable, is the kind of 
treatment during the intertest period. For the training group and 
the practice group, a secondary variable is the use, on the final test, 
of materials like those on wdiich the practice had been given (poetry), 
or materials on which there had been no direct practice. 

In analyzing this design w^e see that first of all, as betW'Cen the 
practice and training groups, (1) the amount of practice time was 
held constant. (2) The over-all length of time between initial and 
final tests was held constant for all groups. (3) The initial and final 
tests were the same for all three groups, i.e., their difficulty did not 
vary from group to group. Most important, for illustrative purposes 
here, an initial test was used, and on the basis of it we can determine 
wdiether (4) ability, on the average, w^as equal in the three groups. 
By use of the control group we are able to ascertain •whether any 
changes in test performance occurred wdiich are attributable (5) to 
factors not already mentioned. For example, were the initial and final 
tests of equal difficulty? Were there any obvious practice eff'ects from 
merely taking tw^o tests? 

The last-named points must be considered first in the results (see 
Table I). Comparisons of the initial and final test averages for the 
control group show that the second poetry test was the more difficult, 
as was the second list of facts. In two of the three remaining com- 
parisons for the control group, the second test average w^as better 
than the first, a finding which could be attributed to either practice 
effects or the materials themselves. In each case we can reasonably 
assume that the direction of change in the control group is to be 
expected in each experimental group, and results for the experimental 


TABLE I 

Differences Between Initial and Final Memory Test* 


Test 

Group 

Initial 

Average 

Score 

Final 

Average 

Score 

Per Cent 
Change 

Net Per Cent 
Advantage 


Control 

524 secs. 

696 secs. 

-32.8 


Poetry 

Practice 

571 

737 “ 

-29.1 

+3.7 


Training 

539 

596 “ 

-10.6 

+22.2 


Control 

637 “ 

454 “ 

-1-28.7 


Prose 

Practice 

654 “ 

487 

+25.5 

-3.2 


Training 

731 . “ 

361 

+50.7 

+22.0 


Control 

67.5 cor. 

64.2 cor. 

-4.9 


Facts 

Practice 

64.0 “ 

61.0 

-4.7 

+ .2 


Training 

64.0 “ 

72.2 

+12.8 

+17.7 


Control 

7.6 “ 

9.8 

+29.0 


Dates 

Practice 

7.2 

9.9 “ 

+37.5 

+8.5 


Training 

6.5 “ 

12.2 

+87.7 

+58.7 


Control 

16.2 “ 

16.1 “ 

-.6 


Vocabulary 

Practice 

14.6 

15.1 ‘‘ 

+3.4 

+4.0 


Training 

13.6 

21.1 “ 

+55.2 

+55 . 8 


* After Table III of Woodrow [8]. 


groups “adjusted” accordingly to indicate the net per cent advantage 
gained by the practice program, as distinct from other changes which 
occurred. This type of computation can be thought of as “control” 
by statistical means, rather than experimental (see the formula for 
computing per cent of retroactive inhibition, p. 87). 

As indicated by comparisons on the first test, the three groups were 
approximately equal. The only very large differences were ones indi- 
cating that the control group learned the poetry and the prose more 
quickly than the experimental groups, which at least implied no initial 
advantage on the part of the latter groups. In the remaining tests 
the groups were quite well equated, so that comparisons on the final 
test are defensible, i.e., ability may vary slightly, but in a known 
way, so that allowances can be made for it. 

Tlio last column of Table I gives the. clearest summary of the results 
of the experiment: simple practice, with no special aid or set, produces 
little or no transfer to the final memory test, whereas knowledge of 
memory techniques and the intent to use them Avhere possible, as 
acquired by the training group, definitely transfer to the final test. 
The major independent variable, then, is a significant one. 
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The secondary independent variable — whether the final test material 
is like that used in the training or practice period— is also clearly 
significant in the training group. Poetry was used in their training 
period, and on the final test, prose, most nearly like it among the 
materials used, was memorized with as great an advantage from 
training as was the final selection of poetry. This appears to be 
positive transfer to similar material on which there had been no direct 
practice. Furthermore, while the training period included practice 
with nonsense-syllable paired associates only, the date and vocabulary 
lists profited greatly on -the final test. They too were, basically, 
paired-associate material, and although they had been given no direct 
practice, they showed significant positive transfer. 





SUMMARY 

1. Learning and forgetting are concurrent changes in behavior and 
are distinguished in terms of the direction of change (acquisition 
versus weakening of response tendencies). Transfer can be involved 
in either type of change and can therefore have a positive or negative 
effect. 

2. In the basic experimental designs for the study of verbal learning, 
retention, and transfer, it is possible to discern five main groups of 
variables: three in the learning period proper (learner, task, practice- 
condition variables), those in the retention interval, and those in the 
retention-measurement procedures. The key to successful experi- 
mental work lies in identifying the relevant variables, isolating one 
major independent variable, and controlling all irrelevant variables. 

3. Experiments may be designed either to ascertain merely whether 
the presence or absence of the major independent variable is sig- 
nificant or to determine more completely the relation between this 
variable and the dependent one. 

4. In studies of learning, retention, and transfer, we typically must 
control the effects of individual differences in ability, motivation, 
non-experimental practice, series or order variables, and test-practice 
effects. 

5. For the purposes of a given experiment, certain variables are 
known or thought to be insignificant, and they are disregarded. Other 
specific factors are known or thought to be significant, and each sepa- 
rate experiment must be designed to take account of these factors in 
a planned way. A few variables cannot be controlled literally, and 
one can only check on them after the data have been collected (e.g., 
ability differences, in some studies). 


6. Control in a retention experiment, and possibly in a transfer 
experiment, is inherently more complex than in a learning experiment 
by virtue of the additional possibilities for operation of relevant 
variables. 
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Chapter 4 


Studying Human Thinking 

Edna Heidhreder 


In most psychological experiments on thinking, the methods em- 
ployed are adaptations of procedures first used in studying other 
psychological activities. By introducing cumplexiti(‘s and subtkti(‘s 
into modes of investigating animal beliavior, by coneeuliiig I'chitionul 
patterns in materials presented as in standard experiments on nieniory, 
by complicating the classical reaction-time experiment, especially in 
the already altered form of the association-time experiment — by these 
and similar devices, psychologists have arranged situations calculated 
to make their subjects think, and to make their thought amenable to 
experimental treatment. 

This practice implies that thinking may enter into many different 
kinds of performances and that, through these, it may be made accessi- 
ble to systematic inquiry. It also implies that thinking enters into 
a performance when the situation wdth which an organism is confronteci 
does not merely elicit the appropriate response but rather requires the 
organism to produce this response through its own activity — ^to select 
it or construct it, to discover it or invent it. Hence arise the subtleties, 
obscurities, and complexities in the situations presented. Whether a 
response is elicited from or produced by an organism, however, is not 
determined by the external situations alone; it is also determined, 
and importantly determined, by the organism itself. When an ade- 
quate stimulus elicits the pupillary reflex, it does so chiefly because 
the responding organism has the appropriate physiological equipment. 
Similarly, when a request to recite the alphabet elicits the requested 
performance, it does so largely because the person who complies has 
learned to recite the alphabet. Even a performance like solving an 
algebraic equation may be largely elicited, since the written symbols 
call out, in a person suitably trained, the interpretations and opera- 
tions that constitute the adequate response. Clearly a performance 

1 Professor of Psychology, Wellesley College. 
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iiiay be more or less elicited, mure or less produced, and the kind of 
performance which in one person is chiefly elicited may in another be 
chiefly produced. 

The word ‘'prol)lem” may l)e used to designate a situation wliich, for 
a given person, does not merely elicit the appropriate response but 
rather requires him somehow to produce it through his own activities. 
Thinking may then be defined as that activity, whatever its nature, 
by which a person solves a problem, an activity which may be more 
or less thoughtful as the situation is more or less problematic, and 
wdiich, like other psychological activities, may be more or less adequate, 
more or less successful. An experiment on thinking, therefore, involves 
two major requirements: (1) a problem to be presented, and (2) a 
method of determining how the subject produces, or fails to produce, 
the adequate response. It is important to notice that thinking, so 
defined, and the experimental requirements, so stated, are based on 
the assumption that thinking, as a psychological activity, is some kind 
of adjiistive activity of a living organism, an activity which may find 
expression in different kinds of overt performances. Aside from this 
assumption, however, the specific nature of thinking is an open 
question. In effect, the definition locates situations where thinking 
may be found; the business of precisely determining its nature and 
conditions is left to experimental investigation itself. 


ATTEMPTS AT DIRECT INSPECTION 

The first attempts to study thinking experimentally were nothing if 
not direct. Thinking was conceived as a conscious process directly 
observable by the thinker, and experiments were conducted by the 
apparently obvious method of confronting subjects with tasks that 
aroused thought and treating their reported introspections as basic 
data. The tasks varied widely in the different investigations. They 
ranged from simple problems, like judging the heavier of two objects 
apparently exactly alike, to answering recondite questions like, “Can 
our thought apprehend the nature of thought?” [25]. 

The results w^ere difficult to interpret and highly controversial, and 
since agreement could not be secured on wdiat were offered as intro- 
spectively observed facts, the whole question of introspection as a 
method was brought prominently to the fore. The ensuing con- 
troversy raised important theoretical issues. These, however, need 
not be examined at present, since, as a matter of historical fact, the 
value of introspection as a means of scientific inquiry was determined 
not primarily by a logical weighing of pros and cons, but by actually 
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trying to use introspection and so discovering its |)ossibilities and 
limitations. On the whoie, the trend has been toward placing less 
and less reliance on introspection as a method. Many investigators 
have assigned it a limited role, supplementary rather tliaii central, 
and some have rejected it altogether as a means of studying thinking 
and, indeed, of studying psychological processes in general. 


ADAPTATIONS OF REACTION-TIME AND ASSOCIATION-TIME 

EXPERIMENTS 

Analysis of Confrolled Association 

The practical limitations of introspection were most convincingly 
revealed by some of the introspective studies themselves, especially 
by those that adhered most closely to the pattern of the classical 
reaction-time experiment. One of these is Watt’s study of controlled 
association [30], a set of investigations in which objective data on 
associative reactions w^ere combined with introspective reports on the 
subjects’ consciousness during reaction. The experimental procedure 
was to assign a task, e.g., naming the wdiole of which the stimulus 
word named a part, and then to present visually, one by one, a short 
series of stimulus "words, recording each response, measuring each re- 
action time by a chronoscope attached to a voice key, and obtaining 
an introspective report on each reaction. Each subject vras used in 
several series of reactions, the assigned tasks varying from series to 
series. 

One of the most interesting contributions of the introspective reports 
was that the main period of the reaction — ^that between the presenta- 
tion of the stimulus wmrd and the subject’s overt response — ^was often 
described as relatively bare, and sometimes as entirely bare, of 
conscious content. This finding, furthermore, was a single instance 
of what seemed to be the general rule that conscious awareness did 
not keep step, moment by moment, with what the subject was doing. 
Sometimes, to take a striking case, the clear perception of the stimulus 
itself rose to maximal awareness only in the afterperiod, the brief 
period following the overt response. Most significant, however, were 
the reports on the foreperiod, for here, in the interval between the 
ready signal and the stimulus word, the subject must somehow have 
established the set or adjustment which enabled him, often without 
conscious selection or direction during the main period, to produce 
the correct response. Introspective evidence for sets and adjustments 
took a variety of forms; among the reported conscious contents were 
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visual, verbal, and gestural schemata representing the task, and felt 
muscular tensions and readinesses to react. Even these, however, 
tended gradually to disappear as the subject became habituated to 
his task, and at the end of the series the subject was often respond- 
ing correctly without conscious awareness of the task even in the 
foreperiod. 

Such results give empirical grounds for a radical criticism of intro- 
spection as a means adequate in itself to the investigation of thought; 
for, if crucial functions of thought are effected without conscious- 
ness-functions as important as the direction of its course and the 
selection of relevant reactions — effective determinants must be assumed 
which are inaccessible to introspection and which must be known, if 
they are known at all, by some method other than direct observation. 


Further Analysis of Controlled Association 

An important advance toward meeting this situation is illustrated 
by the work of May [13], who repeated and modified Watt’s experi- 
ments, introducing refinements in method, using more subjects, more 
reactions, and more varied conditions, and placing far more emphasis 
on objective data. May’s inquiry concerned the relation between the 
foreperiod and the main period. His hypothesis w^as that the prepara- 
tory set is the determining factor in controlled association, and his 
central problem was to investigate the preparatory set, determining 
its nature and the kind and amount of its influence on the ensuing 
associative reaction. 

Methodologically one of the interesting features of May’s experiment 
was his practice of systematically analysing introspections and of 
checking them against objective data when these w^re available. 
One very general check was provided by the mere fact that intro- 
spections were classifiable- — that different subjects, working inde- 
pendently, reported occurrences of the same kinds. A further check 
consisted in the fact that certain classes of conscious events were 
reported with consistently greater frequency in some conditions than 
in others: in the foreperiod, for example, or in the main period, in the 
early stages of the experiment or after the subject had acquired con- 
siderable practice. It was possible, too, through statistical treatment, 
to establish regularities between repoi'ted events in the main period 
and those in the corresponding afterperiod ; for example, reports of 
absence of conscious content in the main period were most likely to 
occur when the foreperiod itself was described as automatic or nearly 
automatic. The most objective check consisted in the correspondence 
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between measured reaction time and the amount oi eoiisciuus euiitent 
reported; for foreperiod and main period alike, average times were 
longer when conscious content was reported than when the subjects 
found no experience to report. Although the differences in time were 
not statistically significant, they were consistently in the direction 
mentioned. 

In other words, the experimenter used all possible means of check- 
ing reported introspections as testimony^ evaluated as such, a procedure 
that involved applying a new standard of scientific acceptability to 
accounts of introspectively observed experience. In the classical 
studies characteristic of the first psychological laboratories, trained 
introspectionists directed their observations upon selected aspects of 
experience, usually sensoi’y. In those studies introspection was safe- 
guarded, assuming the competence of the observer, chiefly by experi- 
mentally controlling the stimulus, i.e., by manipulating it in such a 
way as to arouse and focus observations upon just the conscious 
content to be described. The reported observations could then be 
compared with the experimentally introduced variations in the 
stimulus. The course of thought, however, cannot be controlled by 
controlling the stimulus. Therefore, in describing thought, even in 
short-range reactions like those of May's study, the subject's task is to 
tell what happens — to report on a course of changing events — not to 
describe selected aspects of conscious experiences in some sense 
imposed by the presented stimulus and presumably directly correlated 
wdth it. May's standard of scientific validity for such reports was the 
improbability of obtaining by chance the relationships actually dis- 
covered among the reported introspections, and between these and sueli 
objective facts as length of reaction time and variations deliberately 
introduced into the experimental conditions. He treated the data 
from introspection, not as records of experimentally directed observa- 
tions on experimentally controlled conscious contents, but essentially 
as testimony to be checked and rechecked as such. 

The chief advance in May’s method, however, has not yet been 
mentioned. It consisted in pushing inquiry beyond the limits of the 
directly observable empirical events. May’s hypothesis was that, 
other things being equal, the more completely the subject was set, the 
more fully the response was determined, and hence the more automatic 
and prompt the correct verbal response. On the assumption that a 
complete set required a certain optimal time, and that the j)reparation 
was proportionally less complete as less time was allowed for the set, 
the relation between the foreperiod and the main period, i.e,, betweem 
''set time” and "association time,” ought to be such that the length of 
the one period varies inversely with that of the other. 
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It is especially interesting, from tlie standpoint of method, that 
at the time the hypothesis was formulated it was not borne out by a 
statistical analysis of the data then at hand. The variables proved 
too complexly interrelated to be isolated and ordered by statistical 
procedures; hence they were incapable of proving or disproving the 
hypothesis. The experimenter therefore simply set. up the hypothesis 
as worthy of investigation. Guided partly by the introspective 
reports, but working chiefly from quantitative data, lie constructed 
a rough scale, on wdiich were indicated foreperiods selected as repre- 
senting four significant lengths: 0.00, 0.15, 0.35, and 0.50 second. He 
then secured series of reactions corresponding to foreperiods of each 
of these lengths and found a perfect inverse relationship between 
length of foreperiod and length of main period. The author strongly 
emphasized the point that these results were insufficient to constitute 
proof of his hypothesis, but that they were offered to show that, as far 
as the data went, they were in agreement with the hypothesis as stated. 
From the standpoint of method the procedure is important as an 
illustration of a mode of investigation in which, through construc- 
tion and inference, knowledge is extended beyond the limits set by 
direct observation. Specifically the procedure is that of setting up a 
hypothesis and checking theoretical expectations against factual data. 


Introduction of Complex Tasks in Studying Set 

The general pattern of the association experiment has proved so 
adaptable and so widely useful that it is impossible, wnthin a single 
chapter, to give more than a hint of the part it has actually played in 
the investigation of thinking. One line of development is marked by 
the introduction of complex tasks which require the subjects to adopt 
sets within sets. Jersiid [7], for example, studied the compound sets 
which enable a subject, without breaking his pace, to shift back and 
forth, within a single series of reactions, between two tasks like sub- 
tracting three from each presented number and giving the opposite 
of each presented adjective. He also demonstrated the effectiveness 
of the more comprehensive but not more difficult sets which enable a 
subject, again without breaking his pace, to shift back and forth among 
four tasks: naming colors, naming forms, naming opposites, and 
subtracting three. 

The Free-assodation Method 

Association experiments have, also demonstrated the effective opera- 
tion of sets so far from the subject’s conscious awareness that the 
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term ‘'free association’' has been applied to the processes under investi- 
gation. The well-known study of Kent and R-osanoff will serve as an 
illustration [8]. The basic plan of this investigation was to select 
100 very familiar stimulus words and to instruct each subject, tested 
individually, to respond with the first word, other than the stimulus 
word, that occurred to him. On the basis of the tabulated replies of 
1000 normal individuals, it was discovered that the number of differ- 
ent responses to each stimulus 'word was relatively small, that 1000 
people did not respond to a given word with 1000 different replies, 
but with a relatively small number of common responses, which varied 
among themselves in degree of commonness, i.e., in frequency within 
the group. It was further discovered that the failure to give a sig- 
nificantly large number of common responses — a fact subject to 
quantitative measurement by reference to the tabulated frequencies — 
was characteristic of people w^ho, according to the usual outside 
criteria, had failed in making normal psychological adjustments, wdio 
presumably had not built up the habitual modes of response which 
characterize the associative habits of most normal human beings in 
a given culture. In this w-ay the association technique became a 
means of demonstrating and even measuring the operation of factors 
as diffuse, subtle, and obscure as the habitual sets which people acquire 
casually and incidentally in the course of their adjustments to an 
environment. It is possible that a person’s performance on such a 
test reflects in some measure his unconscious adjustment to his culture, 
since the reactions aroused are his immediate “uncontrolled” responses 
to so important a part of the culture as the most common words in 
its language. 

Such tests themselves have become instruments of research. For 
example, Woodrow and Lowell [33] employed the free-association 
technique in studying a group of children. Using 100 stimulus w- ords, 
90 of which W’ ere taken from the Kent-Rosanoff list, they obtained 
responses from fourth- and fifth-grade school children, thus securing 
for children ranging in age from 9 to 12 years inclusive, data com- 
parable to those obtained by Kent and Rosanoff, w^'hose subjects, with 
a few exceptions, were adults. They found, for example, that there 
were common responses for children as well as for adults, but that the 
most common responses for children often differed from the most 
common responses for adults. They also found that certain types of 
association, such as giving the opposite of a stimulus word, or one 
expressing a contrast, were less frequent among children than among 
adults. In the opinion of the experimenters the method proved the 
most useful brief device available for studying the mental constitution 
of children. 
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ADAPTATIONS OF EXPERIMENTS ON ANIMAL LEARNING AND 

PROBLEM SOLVING 

Association experiments derive very directly from research prac- 
ticed in the first psychological laboratories. A very different kind 
of research received its impetus from another quarter. The Darwinian 
point of view, with its emphasis on comparisons among species, inevi- 
tably led to inquiries concerning the mental abilities of animals. 
From the very nature of the problem introspection could not be used. 
Instead, an animal was judged to be ''intelligent,’' or to possess a 
specified ability, e.g., the ability to react to relations, if it could per- 
form tasks or tricks presumably requiring the ability in question. 
The general direction of the inquiry into animal ability was set by 
Lloyd Morgan’s cautiously interpreted observations of animal behavior 
under conditions especially arranged to demonstrate intelligence or 
the lack of it [14]. In Thorndike’s hands researches on "animal 
intelligence” attained the status of laboratory experiments [24], and 
under the criticisms of Hobhouse [4] and K5hler [9] the methods were 
extended to include means of detecting in animals signs of insight 
and of reaction to relations. In all such researches observed overt 
motor behavior constituted the basic data. 


Roger’s Exploratory Method of Studying Problem Solving 

Obviously such methods of research have advantages when applied 
to human thinking, and they have, as a matter of fact, been widely 
used in that field. One such study, conducted by Huger [20], was, 
from the standpoint of method, essentially an adaptation of methods 
used by Thorndike in some of his studies of animal learning. Ruger’s 
subjects were human beings, most of them educated adults. Using 
mechanical puzzles as his experimental materials, the investigator 
confronted each subject with a succession of puzzles and secured as 
complete a record as possible of the reactions in the course of which 
the problem was mastered. Each subject was of course studied indi- 
vidually, and he worked on a single puzzle not only until he had 
"solved” it once, i.e., had taken it apart or put the parts together, 
but until, after repeatedly performing the task, he wn^s executing the 
actual manual operations with maximal speed as indicated by failure 
to improve further. 

One great advantage of the puzzles as materials was that the solu- 
tions were brought about by motor manipulations which were objec- 
tively observable throughout. For example, objective measures of time 
were easily obtained for each of the separate successive occasions, 
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called trials/ on which the subject ''solved” the puzzle in tiie sense Just 
indicated. These measures gave learning curves similar to those repre- 
senting an animal’s successive escape from a puzzle box. The experi- 
menter also kept records of the subject’s overt behavior from trial to 
trial, records which gave such information as the part of the puzzle 
first attacked, the part that seemed to give greatest difficulty, the 
appearance of a new mode of response, together with the circumstances 
of its appearance, and also signs of emotional attitudes, such as self- 
distrust or absorption in the task. Ruger did not limit his data, 
however, to those obtainable only from animals. He kept records of 
the subject’s spontaneous verbal comments and, in addition, asked him 
at the end of each trial to report on what he had been doing. Some- 
times, too, the subject was interrupted in the middle of a trial and 
asked to tell what he was thinking at the moment. The subjects’ reports 
were not as a rule descriptions of conscious contents and therefore 
were not introspections in the technical sense of the term. They were 
chiefly comments on what the subject was trying to do — on the objects 
he was trying to manipulate, the course of action he was trying to 
follow. The references to visible objects and operations were highly 
useful since they enabled the experimenter to combine the subjects’ 
reports and the objective data in a manner that not only made the 
wdiole course of events more intelligible, but also provided a check on 
the reports as testimony. 

It was, in fact, by integrating data of various sorts — quantitative 
and qualitative, observations of behavior and reports of experience 
—that the experimenter made some of his most significant contribu- 
tions, Perhaps the most striking was that "analysis” — something 
apparently equivalent, in Ruger’s terminology, to what the Gestaltists 
call "insight”- — often marked the crucial point in progress toward 
solution. Many of the learning curves showed, as a conspicuous 
characteristic, a sudden drop, sometimes preceded by a single unusually 
long trial, and regularly followed by a consistently rapid rate of per- 
formance. In about 80 per cent of the cases, these indications of 
sudden improvement were accompanied by reports indicating that at 
just that time the subject had seen or worked out the point of the 
puzzle, had discovered the essential feature, relation, or operation. 
Usually, too, the person’s general behavior indicated that he Had made 
a discovery. The data also indicated, however, that analysis Avas 
not an all-or-none affair; there hvere degrees of analysis, or cases of 
])artia! analysis, ranging from the mere location of the part of tlu‘ 
puzzle where a successful reaction had occurred by chance, to the 
formulation of the general principle on which the puzzle was bas(M,L 

It is important to notice, too, that these and similar contributions 
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were made, not only by integrating data of several different kinds, 
but also by taking into account broad molar units both in motor per- 
formances and in reports of experience. Without dealing in such 
units, it would have been impossible to discover, for example, the 
significant fact that nevr and better ways of dealing with a puzzle 
often appeared as variations in motor reactions before the subject 
was aware of changing his procedure. It was also by referring to 
long stretches of activity from trial to trial that Ruger was able to 
discover the large amount of typically '^animar’ trial and error in the 
behavior of educated human adults, a point that impressed him as the 
chief outcome of the study. Similarly, it was by taking molar events 
into account that he was able to note the role of non-rational reactions 
largely emotional and attitudinal, e.g., reactions indicating confidence 
or embarrassment or an obstinate determination to work along a given 
line which had repeatedly proved a failure. 

Ruger’s work is distinctly exploratory. It serves the function of 
exploration, not only by providing results rich in factual content, 
l)ut also — and this is a practice not alwaj^s followed in exploratory 
research — by placing them in a quantitative framework in wliich 
significant relationships are revealed and significant possibilities sug- 
gested. Some of Ruger’s results are determined with high probability, 
and others are merely suggested, but even the latter are presented in 
a context with reference to which questions for further inquiry can be 
stated with definiteness. 


Experimental Analysis of Achievement in Problem Solving 

Experimental research does not stop, however, with exploration. In 
its most characteristic form it poses a specific question and arranges 
and controls the conditions of the experiment in such a way that the 
procedure will bring out just the evidence, positive and negative, that 
bears on the question about w-hich the experiment has been designed. 
Investigations of behavioral achievements like those used in studying 
animal behavior are in fact admirably suited to such inquiry. 

One of Maier’s investigations [11] will serve as an illustration. It 
is organized about the question of the role of direction in thinking. 
If a person has at his disposal all the units of reaction necessary for 
the solution of a problem and also the knowledge that these units are 
involved in the solution, is this equipment enough in itself to enable 
him to achieve the solution? 

Maier’s experiment was performed to test the hypothesis that this 
is not enough — ^that the solution of a problem involves not merely the 
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selection of the appropriate responses, but. also tire appropriate general 
approach, which he calls direction. He assigned his subjects the task 
of erecting a structure consisting of two pendulums which would make 
chalk marks on the floor at points indicated. The subjects were pre- 
sented with materials like those pictured in Fig. L4— poles, lead 



Lead 

tubing 


I Poles 



Fig. 1. The pendulunn problem. 


A, The materials available to the subject. B. The correct solution. (Courtesy of McGraw-Hill 
Book Company.) 

T-clamps, pieces of chalk, and lengths of wire. The structure that 
constitutes the solution of the problem is pictured in Fig. IB. 

The essential feature of the experiment consisted in dividing the 
subjects into five groups approximately equal in tested ability, the sub- 
jects in each group being given a different preparation for attacking 
the problem. The subjects were all college students, and each one 
worked at the problem individually. 

106 



In Group A the subjects were instructed in all the part responses 
and were told that these included everything necessary to the solution 
of the problem. To each member of this group the experimenter 
demonstrated the operations of clamping two rods together to make 
a long rod, of making a plumb line by attaching a clamp or a pencil to 
a cord, and of making a firm T-structure — a horizontal T, however — 
by placing a rod against the vertical side of a doorway and then 
wedging, between its midpoint and the opposite side of the doorway, a 
horizontal rod of exactly the right length. 

In Group B the experimenter gave all the demonstrations given in 
Group A and, in addition, made the following comment in order to 
provide the proper approach or direction: 'T should like to have you 
appreciate how simple this problem wmuld be if we could just hang the 
pendulum from a nail in the ceiling. Of course that is not a possible 
solution, but I just want you to appreciate how simple the problem 
would be if that were possible.’’ 

In Group C the subjects were presented with the same problem, but 
they received no preliminary demonstrations and no comments on 
direction. 

In Group D the part responses were demonstrated to the subjects, 
but they were not told that these had anything to do with the problem. 

In Group E the subjects were given the direction, but no demon- 
strations of the part responses. 

The results of the experiment were clean-cut. Group B easily 
surpassed all other groups: of the 22 subjects in this group, 8 solved 
the problem, wdiereas it was solved by only I of the 62 subjects who 
made up the other groups. This outcome indicates that both part 
processes and direction were necessary to the solution of this problem: 
or, to emphasize the point relevant to the central question, that the 
appropriate part responses alone were not enough, but that appropriate 
direction also was required for its solution. It is important to notice 
that these results apply to direction as defined by the comments 
actually introduced into the experiment. The interpretation of the 
factor called direction, whether it consists of additional information or 
of a more inclusive part-response or of an organizing directive set, is a 
point that is not answered by the results of this experiment alone. It 
is, in fact, one of the great advantages of this kind of experimenta- 
tion that the data and their interpretation are separable from each 
other — ^that questions of interpretation stand out as such, pointing to 
specific assumptions underlying the experimental design. In contrast 
with exploratory research, experiments like Maier’s, which are specifi- 
cally aimed at particular problems, provide for the more exact location 
of difficulties of interpretation, as well as the more exact determination 
of the factors under investigation. 
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EXPERIMENTS ON INDUCTIVE CONCEPTUAL THOUGHT 


Bringing Conceptual Activities under Experimental Control 

Thinking, however, does not always engage so directly with overt 
motor activity. Often the solution of a problem terminates, not in 
particular motor operations on particular concrete materials, but 
in abstractions and generalizations expressed by symbols. In an 
experiiiient by Hull [5] such thought has been made amenable to 
experimental control and quantitative measurement. Essentially 
HulFs method is a means of obtaining quantitative data on the occur- 
rence, under controlled conditions, of verbal responses from which the 
subject’s use of specified concepts can be inferred. 

In Hull’s experiments the subject’s task was ostensibly one of 
memorizing; each subject was required to learn to name drawings, 
presented to him singly and successively in twelve consecutive series of 
twelve drawings each. However, the materials presented for memori- 
zation were so arranged that it was possible for the subject to discover, 
as he encountered series after series of drawings, that although in 
different series the same name was applied to many drawings, no two 
of which were exactly alike, all those drawings possessed a common 
component lacking in drawings not called by that name. (See Fig. 2.) 
When the subject, without being prompted, correctly named a drawing 
on its first appearance, he was considered to have responded to a 
characteristic common to two or more drawings, and in that sense to 
have used a concept. 

The drawings were adaptations of Chinese characters. Some of 
them are reproduced in Fig. 2, which shows how a single radical, 
e,g., any of the “free” figures in the first column, may serve as a 
common component in several drawings which, by virtue of this com- 
ponent, form a class, but which differ among themselves because of the 
materials in which the radical is embedded. As used in the experi- 
ment, the drawings were arranged in an order that varied from series 
to series in respect to the embedded radicals. 

In the first six series each of the twleve drawings contained a dif- 
ferent radical. These Hull called the “evolution” series, since they 
served as the basis on which the subjects were enabled to “evolve” the 
appropriate concepts. The remaining six series w’ere called the “test” 
series. In each of these, two or three characters containing the same 
radical were included, and two or three radicals w^ere necessarily 
omitted. In the six test series as a whole, however, all the radicals 
^vere present with equal frequency. This arrangement in the test 
series \vas designed to keep the subjects from making correct responses, 
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merely by a process of elimination, to drawings they could not other- 
wise have identified. 

The subjects were university students, and the general procedure 
was that known as the method of paired associates in memory experi- 
ments. It is not necessary to describe this procedure here. It is 
sufficient to say that the drawings were presented in an apparatus 
which exposed them at a mechanically controlled rate, and that each 
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Fig. 2. Half of the radicals used in Hull’s experiment, with their assigned 
nonsense names and some compounds containing each radical. (Courtesy of 
Henry Holt and Company.) 


series was presented until the subject had responded to all the draw- 
ings with neither errors nor promptings on two successive presentations 
of the entire series. At the beginning of an experiment the subject 
was told to learn the names of the drawings, wffiich were syllables 
adapted from Chinese words. Before the presentation of the second 
series the subject was told that the same names would again be used 
and that he might be able to guess the names of the drawings without 
being prompted. Throughout the six evolution series a record was 
kept of the correct guesses on the first exposure of each series and also 
of the number of promptings the. subject received during the successive 
exposures of that series. The six test series were then presented in 
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turn. Here the same procedure was used except that no promptings 
were given and each series was presented three times. The subject 
thus had three chances to react correctly to each character in each 
test series. At the end of the experiment the subject defined the con- 
cepts by drawing them. The procedure just described was called the 
standard procedure. 

The special featoe of the method is that it makes possible the 
closely organized, directed research which has been contrasted with 
exploratory investigation. It is possible, by introducing suitable 
variations and controls, to adapt the standard procedure to specific 
questions. Hull demonstrated the possibilities of the method by 
applying it to several questions, including this one: Does the subject 
arrive at a concept more quickly when the radical is presented out- 
right, or when he encounters it on different occasions embedded in 
different materials from which he must extricate the common com- 
ponent for himself? 

This question was put experimentally by arranging the evolution 
series so that six of the radicals were presented “free, i.e., without 
surrounding materials, and the other six embedded in complex char- 
acters as in the standard materials. For example, oo wms represented 
in all the series by the radical so named in the first column of the 
illustration; yer, by drawings in which that radical was an embedded 
component. To control possible differences in the inherent difficulty 
of the materials, the ten subjects used in this experiment wmre divided 
into two sets of five each, and the materials were so arranged that the 
free radicals for one set were the embedded radicals for the other set. 

The quantitative results revealed no advantage for either method. 
For example, the number of failures to respond correctly in the test 
series showed no significant differences for the two procedures. There 
were, however, marked differences in the ability to define the concepts 
by presenting their essentials in drawings. For all subjects the draw- 
ings for concepts evolved from “free’^ radicals were distinctly superior 
as definitions to those for concepts evolved according to the standard 
procedure— superior not only in the opinion of the experimenter, but 
according to four judges who independently rated the drawings on a 
scale representing degrees of excellence. 

The problem was pursued by asking a closely related question: 
May not a combination of methods be more efficient than either one 
alone? This question was investigated experimentally by arranging 
the materials so that half the concepts were evolved according to the 
standard procedure, and the other half according to the following 
scheme: in the first, third, and fifth series the radicals were presented 
outright, whereas in the second, fourth, and sixth, they were embedded 
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in accessory materials. Otherwise, the conditions were the same as 
in the preceding experiment. Ten new subjects performed the task. 
This set of conditions showed a decided advantage for the combination 
of methods. The test series, for example, gave a highly reliable differ- 
ence in number of failures for the two different modes of presentation. 

Several other problems were attacked in Hulks study, but those 
described are sufficient to show that the technique has both the 
precision and the flexibility necessary for putting specific questions 
experimentally. It is worth noting especially that the variables are 
subject both to manipulation and to control. The very excellence of 
thp method as technique, however, calls attention not only to the 
importance of technique as such, but also, though indirectly, to the 
fact that technique alone does not produce significant research, that 
significant research is, at bottom, inquiry into significant problems. 
In Hull’s study, however, the main purpose wms precisely that of devel- 
oping techniques, and the problems, being of secondary importance, 
w^ere selected merely, or at least chiefly, as convenient means of trying 
out the techniques. Consequently, the results of the experiment are so 
many separate facts. For example, it wms demonstrated with high 
reliability that, in the particular conditions of this experiment, a 
specified combination of methods of presenting the materials for con- 
ceptualization was distinctly advantageous. This finding, however, 
cannot be generalized beyond the limits of the experiment, since both 
the logical implications of the question and its relevance to existing 
bodies of knowdedge remain unascertained. This point is one which 
Hull himself not only admits but insists upon with emphasis. It 
would indeed be grossly misleading not to state in this connection that 
Hull has devoted a large part of his intellectual career to demonstrat- 
ing the central importance, in experimental research, of stating the 
problem for inquiry explicitly and precisely in its context of relevant 
theory and knowledge. For examples of Hull’s approved methods of 
formulating problems for scientific inquiry, the student is referred to 
his book. Principles of Behavior [6]. 


Modifications of Hull’s Method 

The merits of Hulks method have made it something of a standard 
procedure for investigating conceptual thinking. It has been used 
with modifications by several investigators. Kuo [10] modified it 
chiefly by spreading the subject’s activities over several days and by 
asking '^detective” questions designed to reveal characteristics of the 
process at various stages. He, too, used Chinese characters, within 
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which, during the course of memorizingv it was possible for the subject 
to discover radicals common to various sets of characters. The process 
was lengthened by permitting the subject only two trials per day on 
each set of materials, a device wdiich enabled the experimenter to trace 
the course of events as it developed from day to day. Kuo found that 
progress w^as usually gradual, usually far from straightforward, but 
sometimes marked by sudden discoveries; and that although most of 
the subjects eventually arrived at the appropriate generalizations and 
abstractions, some succeeded only partially and with considerable 
assistance, and that others completely failed to make some of the 
appropriate generalizations. As Kuo described it, the manner in wiiicli 
his subjects dealt wuth symbolic materials was remarkably similar to 
that in which Roger’s subjects dealt with the concrete materials of 
mechanical puzzles. Like Roger, Kuo emphasized the large amount 
of nonrational, trial-and-error behavior his subjects displayed. 

Smoke [22] altered Hull’s method chiefly by using a different kind 
of experimental material, discarding Chinese characters because he 
wished to work, not with ^Tommon components” perceptibly the same 
from instance to instance, but with over-all, non-pictorial, relational 
patterns. For example, one of the tasks was to discover that a dax 
is always a circle and two dots, one inside and the other outside the 
circle, regardless of such variations as the size and color of the circles 
and the particular location of the dots. With this material Smoke 
too found a large amount of trial-and-error behavior. He emphasized 
especially the subjects’ tendency to disregard, or at least not to use, 
the negative instances introduced as possible aids to conceptualization. 


The Classification Method 

A method very different from Hull’s, but one wdiich, like his, has 
become a standard procedure, has been extensively used by Hanfmann 
and Kasanin [2]. This method, adapted from a procedure invented 
by Ach, is based on a problem of classification. The subject is pre- 
sented with twenty-two blocks and is asked to divide them into four 
groups. The blocks are of five different colors, six different shapes, 
two heights (tall and flat), and twm sizes (large and small) with 
respect to the area of the top or bottom surface. On the under side 
of each block, concealed from the subject, is written one of four non- 
sense syllables: lag on all blocks which are both tall and large; miir 
on those which arc tall and small; bik on those which are flat and 
large; rev on those which arc flat and small. The experimental 
materials arc shown in Fig. 3. 

It is a highly important feature of the method that the subject, in 
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order to achieve the correct classification, must construct tlie appro- 
priate concept. The blocks cannot be sorted into four groups on the 
basis of a single perceptual feature like color, form, size, height, or 
any other characteristic, e.g., volume, that can be named by a single 
word. Hence the task encourages departure from the concrete and 
given and encourages operation at the level of abstraction and con- 



Fig. 3. The blocks presented to the subject in the Hanfmonn-Kosanin Test. 

(From [2], by courtesy of the authors and the publishers.) 

struction. It has been widely used as a test in clinical practice and 
also as a means of investigating Goldstein’s theory [1] that concrete 
and abstract behavior represent two qualitatively different modes of 
procedure, two distinct levels of activity. 

The experiment or test is begun by presenting the subject with a 
board on which the blocks are placed in random order, as in Fig. 3. 
The procedure has been described as follows: 

The subject is told that these are four different kinds of blocks, that each 
kind has a name and that his task is to find the four kinds and to put each 
of them into a separate corner. The examiner then turns up one of the blocks, 
shows its name to the subject, and, putting it into one of the corner spaces, 
suggests that the subject start by picking out and putting in the same corner 
all blocks which he thinks might belong to the same kind. After he has done 
so, selecting, for instance, all blocks of the same color or all blocks of the same 
shape as th(^ sample, the experimenter turns up one of the wrongly selected 
blocks, showing that this is a block of a different kind, and encourages the 
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subject to continue trying. This he may do in any way he pleases, either by 
trying to match the first or the second sample, or by trying to organize the 
entire, material simultaneously into four classes. After each new attempt 
one of the wrongly placed blocks is turned, and the process continues until 
the subject discovers the principle of the classification and organizes the 
blocks accordingly, or until the same result is achieved through ail the blocks 
having been turned by the examiner in the process of correction. In either 
case the subject is asked to formulate the principle of the classification. After 
this the blocks are turned over and mixed up again and the subject is asked 
to put them in order once more, this time -without any help from the examiner. 
This repetition serves as a check as to whether or not the subject has actually 
grasped the principle of the double dichotomy: large or S7nallj and tall or 
flat, on which the classification is based. Throughout the experiment the 
subject is encouraged to ^Think aloud’’ and a detailed record is made of his 
and the experimenter’s remarks, as well as of all selections made by the 
subject and of all corrections made by the examiner [2]. 

The primary conceim in this kind of inquiry is not with test scores 
and quantitative measures; it is with a qualitative analysis of the 
subject's procedure. Although two quantitative measures are avail- 
able and are actually used — ^the time of the total performance and the 
number of “corrections” or blocks turned up — these are regarded as 
constituting in themselves neither reliable nor significant measures 
of the subject’s proficiency. The quality of the performance is far 
better indicated by the manner in which the subject arranges and 
rearranges the blocks and by his accompanying comments. Such 
reactions are used as evidence of the course of his thinking from 
moment to moment; in particular, of his interpretation of the instruc- 
tions, of the kinds of groupings he attempts, of the hypotheses he 
employs, of the use he makes of the nonsense wwds and of the 
‘^corrections,” and above all, of whether he treats the blocks simply 
as concrete, individual objects or as representatives of the general 
qualities on the basis of which he makes his classification — in other 
words whether the level on which he is operating is concrete or 
abstract, whether he is working with “things” or with “categories.” 
By observing the subject’s behavior, the examiner tries to discover 
whether he realizes that the material affords many possible bases 
of classification, whether he has insight into the structure of the 
classification as a whole, and whether, if he has failed to make the 
classification himself, he is able to grasp the principle when the 
experimenter demonstrates the correct classification. Thus the sub- 
ject’s reactions are interpreted as indicating degrees of concreteness 
and degrees of abstractness, i.e., degrees of proficiency within each of 
the two levels. 

Partly because the materials call out modes of attack so varied and 
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covering so wide a range, and partly because tlie required motor 
reactions present no difficulty in themselves, the test is suitable for 
subjects of many kinds. It has been used with normal people, both 
children and adults, and with patients suffering from mental disorders, 
organic and functional. There is thus a considerable body of evidence 
in the light of which its results may be interpreted. In the main, they 
have been reported as indicating that normal subjects are capable 
of both the concrete and the abstract attitude, but that in patients 
suffering from serious brain injuries or from certain kinds of functional 
disorders, notably schizophrenia, the abstract attitude is impaired in 
characteristic ways, and the patient tends to be restricted to the 
concrete level of activity. 

The chief limitation of the method is that the results are so largely 
dependent on the examiner’s interpretation. They emerge less clearly 
as “data,” free of the examiner’s personal impressions, than do those 
from experiments in which, once the conditions have been set up and 
the procedure set going, the results are beyond the experimenter’s 
control and, furthermore, are obtained in units— e.g., reactions of a 
specified sort or the effects of such reactions— selected in advance and 
recorded by devices incorporated into the experimental procedure. No 
experiment, of course, yields absolute “data”: “givens” entirely free 
from the experimenter’s interpretation. In the specifically directed, 
closely organized experiments which have been contrasted with 
exploratory research, however, data and interpretation are separable 
in the sense previously indicated. Naturally the contrasting methods 
must be evaluated in the light of the needs of the particular problem. 
Those who prefer the less specifically directed research emphasize 
the need for procedures readily responsive to the changing particulars 
of the actual behavior under examination. They see in the more 
precise but less flexible procedures a danger that the subject matter 
under investigation may be forced into a predetermined pattern, and 
they believe that this danger is especially acute in investigations of 
thinking, where much remains to be discovered and where much may 
be overlooked. 


EXPERIMENTS ON SYLLOGISTIG REASONING 
The Syllogism as an Instrument of Study 

The syllogisms of formal logic have also been used as experimental 
materials in investigations of thinking, Storring [23] conducted 
studies of syllogistic reasoning in which the subjects gave full intro- 
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spective reports on the psychological processes by which they arrived 
at conclusions from presented premises. Objective tests, too, have 
been used as a means of studying syllogistic thought — a device inter-- 
esting in itself from the standpoint of method because it shows how 
standardized tests, like those commonly used to disco \'er facts about 
individuals, may be employed as tools for investigating the processes, 
rather than the individuals, tested. Here the pioneta* study is that of 
Wilkins [32], who used as an instrument of research objective tests 
of syllogistic reasoning, especially designed to discover to what extent 
liability to erroneous conclusions is a function of the kinds of 
materials in which the syllogisms are presented. The problem arose 
from the experimenter's impression that the use of abstract symbols 
is in itself a source of considerable difficulty in formal logic, that 
many people wffio are willing to infer from ^^all a’s are h’s^’ that “all 
b's are a"s,^’ are in no danger of inferring from “all horses are animals” 
that ‘^all animals are horses.” The tests, wffien applied to college 
students, indicated that syllogisms stated in abstract symbols w^ere 
slightly but significantly more difficult than those stated in terms of 
concrete materials of various kinds. Much of the actual labor of the 
research went into the construction and standardization of the tests 
themselves, procedures w’hich need not be described here, but which 
must be emphasized as, from the standpoint of method, an extremely 
important part of the study. 

Methods of Analyzing Invalid Conclusions 

Objective tests of syllogistic reasoning have also been used in a 
series of studies by Woodworth and Sells [34]. Their research, 
because of its carefully planned and executed design, deserves some- 
what detailed consideration. Their general problem w^as: Why do 
intelligent human beings draw invalid conclusions, and wdiy are they 
more liable to some errors than to others? \YhsLi psychological factors 
account for these errors in logic? Their research, however, was 
centered about a far more specific problem, expressed in a hypothesis 
which Sells attributes to Woodworth. 

Noticing that the false converse of a proposition is very likely to be 
accepted, Woodworth suggested that the global impression or general 
atmosphere of an unanaiyzed statement might dispose a person to 
accept a proposition having a similar atmosphere, hence to accept the 
simple converse, true or false. Thus, the universal affirmative, “all 
a’s are 6’s” might create an “all-yes” atmosphere, disposing a person 
to accept the converse, “all b’s are a’s,” which also has an “all-yes” 
atmosphere. 
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The outstanding feature of the inquiry into this possibility is the 
explicitness with which the hypothesis is stated and developed, together 
with the exactness with which the experimental conditions are designed 
to bring out the evidence relevant to the problem it poses. Stated 
in terms of the A, E, I, 0 propositions, of formal logic, the basic 
hypothesis concerning the atmospheric effect is: 

A: universal affirmative (all a's are b's) has an all-yes atmosphere. 

E: universal negative (no a's are 6's) has an all-no atmosphere. 

I: particular affirmative (some a's are 5's) has a some-yes atmos- 
phere. 

0: particular negative (some a's are not b's) has a some-no atmos- 
phere. 

To cover the two premises of the syllogism, the hypotheses must 
be extended. No problem is present when the two premises are 
alike — if, for example, the syllogism has the form AA or 00. But 
when the two premises are different, for example, AI or AE, the mixed 
atmosphere requires supplementary hypotheses. The following were 
adopted: 

A negative premise creates a negative atmosphere, even when the 
other premise is positive. 

A particular (“some”) premise creates a some atmosphere, even 
wffien the other premise is universal. 

A systematic investigation of the atmospheric effect was conducted 
by Sells [21]. The hypothesis itself was the most powerful instrument 
of research, but here, as in Wilkins’ study, the construction of a 
reliable test was an indispensable preliminary to investigating the 
problem experimentally. In Sells’s test all the syllogisms were stated 
in abstract symbols and were arranged on the page in the following 
manner, the letters to the left of each syllogism standing for “abso- 
lutely true,” “partly true,” “indeterminate,” and “absolutely false,” 
respectively. 

1. AT PT I AF 1! all x’s Q.ve y’s 

And if all are 
Then all si's are 2 /’s 

2. AT PT I AF If no x’s are 

And if all are ?/s 
Then some z^s are .r's 

The test consisted of 180 items, 128 of which were logically invalid. 
( )nly the invalid forms were needed to test the hypothesis, but the 52 
valid forms were included to insure sound test procedure. The 128 
invalid items provided every possible type of occurrence of atmosphere 
effect in formal syllogistic reasoning. The test items were arranged 
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in random order, and the test, divided into four equal parte, each part 
presented in a separate booklet, was given on four successive days. 
The regular experimental session was an hour long, but by allowing 
extra time to those who did not finish within the hour, the test was 
made a “power” rather than a “time” test. 

The subjects were all educated adults, thoroughly habituated to 
testing procedures. No one with training in logic was accepted as a 
subject, a precaution adopted to protect the results from the reduction 
or elimination of the atmosphere effect by a subject’s application of 
familiar rules of formal logic. A further precaution %vas adopted to 
prevent blurring of the results by a possible ambiguity in the use of 
the word “some”; the printed instructions included the information that 
this word is used in logic to mean “at least some and possibly all,” not 
^%ome but not all.” Still another precaution was embodied in the task 
itself. The subject was required to indicate his judgment by encircling 
one of four symbols, instead of simply marking a statement true or 
false. Though the latter is the logically more appropriate procedure, 
the multiple-choice response w'as adopted as psychologically more 
likely to produce careful judgments, to eliminate guessing, and thus to 
secure maximal reliability. In scoring the tests, however, only twu 
categories were used: AT and T w^ere included in a single category, 
“True” ; I and AF, in a single category, “False.” It wdll be noted that 
throughout the procedure special precautions w^ere taken to minimize 
the role of chance, such precautions being especially necessary in 
investigating so subtle and elusive a factor as atmosphere. 

Because the experimental design met the requirements of the 
hypothesis so closely, the tabulated results reflect the essentials of 
the method with such fidelity that they serve almost as a diagram 
of the plan on which the experiment was based. These results are 
presented in Table I. 

In the second column of the table, opposite each syllogistic form 
indicated in the first column, is stated the form of the conclusion 
favored by the atmosphere according to the hypothesis; and in the 
columns headed A, E, I, and 0 are given the percentages of the invalid 
conclusions belonging to the designated categories. Inspection shows 
that the empirical findings correspond to the theoretical expectations, 
that for every form of the syllogism the expected false conclusion 
occurred with conspicuously high frequency — in fact, with the highest 
frequency except for the three forms AA, AE, and EA, and even for 
these with frequencies fairly high. Further statistical analysis indi- 
cated that the probability that the obtained results might occur by 
chance was so slight as to be negligible. 

The factor of atmosphere was submitted to further inquiry, but the 
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part of tlie experiment just described illustrates the distinctive fea- 
tures of the method. Essentially this method consisted in constructing 
a hypothesis, working out its implications in terms of concrete situa- 
tions, and discovering whether the theoretical expectations were 
confirmed by empirical facts obtained under conditions especially 
designed to test the hypothesis. 


TABLE I 


Pebcentage op Invalid Conclusions Accepted in Tests op Syllogistic 

Reasoning 

(SeUs’s data rearranged for presentation in Woodworth: Experimental 
Psychology, 1938) 


Premises 

Presented 

Conclusion 
Favored by 
Atmosphere 

AA 

A 

EE 

E 

II 

I 

00 

G 

AE 

E 

■ EA 

E 

AI 

I 

lA 

I 

AO 

0 

OA 

0 

El 

0 

IE 

0 

EG 

0 

OE 

0 

10 

0 

01 

0 


Invalid Conclusion Presented 


A 

E 

I 

0 

58 

14 

63 

17 

21 

38 

25 

34 

27 

9 

72 

38 

14 

16 

38 

52 

11 

51 

13 

63 

8 

64 

12 

69 

33 

4 

70 

32 

36 

15 

75 

36 

15 

26 

42 

76 

13 

33 

28 

75 

8 

40 

22 

62 

11 

42 

22 

63 

13 

29 

29 

44 

15 

31 

24 

48 

12 

19 

31 

64 

11 

23 

33 

71 


METHODS OF STUDYING THINKING IN ITS CONTEXT 

But does not a laboratory experiment impose artificial conditions 
that inevitably alter the course of thought as it ordinarily occurs? 
Basically the answer to this question is: Yes, of course. It is the 
very nature of an experiment to be artificial in the sense that the 
experimenter does not merely observe a course of events as it comes, 
but interferes with it in such a way as to make it reveal facts and 
relationships that would otherwise remain hidden. (See Chapter 1.) 
This reply, however, fails to reach an important implication of the 
criticism. How does one know whether the factors discovered in a 
special set of conditions have any relevance beyond the conditions in 
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which they were obtained? Is there any way of diseo\’'ering like- 
nesses and differences between laboratory and extra-laboratory 
thinking? 


Analysis of Protocols and Reports 

One possibility is to turn to tlie accounts tliat some persons, among 
them such distinguished thinkers as Helmholtz [3] and Poincare [18], 
have given of their own modes of tlioiighi Another is to make special 
inquiries into the habits of work of gifted thinkers, like those made 
by Toulouse [26, 27] in his studies of Zola and Poincare. Still 
another is to question thinkers directly, as Rossman [19] questioned 
inventors and as Platt and Baker [17] questioned chemists. Some- 
times there is an exceptional opportunity for studying an exceptional 
case. In one of his books Wertheimer [31] discusses, on the basis of 
a long series of unhurried conversations on the subject, so extraordi- 
nary a course of thought as that which led Einstein to his theory of 
relativity. Patrick [15, 16] attempted a more direct method of com- 
paring laboratory and extra-laboratory thinking, inducing poets and 
painters to do creative work under conditions in wdiich experimental 
investigation was approximated. There are obvious weaknesses and 
dangers in all these procedures, but in spite of different theoretical 
approaches by different investigators, considerable agreement can be 
found on certain aspects of the general course of thought, along with 
striking individual differences among the thinkers studied. Some of 
these studies have been interpreted as giving evidence for the four 
stages of creative thought outlined by Wallas [28], namely, prepa- 
ration, incubation, illumination, and verification. 


Importance of Studying Thinking in Its Context 

From many points of view psyeliologists are becoming increasingly 
aware of the importance of studying the wider context in which think- 
ing is found. They have long recognized the importance of its genetic 
and phylogenetic history. Indeed, as is apparent from experiments 
reported elsewhere in this book, some of the most effective work on 
the psychology of thinking has been done with children and animals 
as subjects. Psychologists have realized too that thinkers must be 
studied in the context formed by other psychological processes, among 
them those that constitute the needs, desires, and urges of the organ- 
ism. Problems in this field have usually been attacked from the 

mo 


standpoint of motivation, rather than from an interest in thinking 
itself. Attempts have been made, too, to study thinking in its social 
and cultural setting. This most recent broadening of this field of 
inquiry has been strongly influenced by the social sciences, especially 
cultural anthropology. For example, Malinowski [12], a pioneer in 
this field, has shown that a language is largely determined by the ways 
of life in the culture of which it is a part— a fact of great significance 
in the psychology of thinking because a personas language influences 
the very way in which he perceives and understands his world, physi- 
cal and social, and hence some of the unconscious assumptions on 
which his thinking operates. In the United States studies of the 
social structure of communities, such as that made by Warner and 
Lunt [29] of a New England city, and nation-wide surveys by means 
of public-opinion polls have indicated that certain convictions, biases, 
and opinions are related in regular ways to such factors as social and 
economic status and regional residence and are in that sense reflec- 
tions of the culture in which they occur. These studies suggest possi- 
bilities for discovering some of the non-rational factors that may 
determine the outcome of thinking and, presumably, its course. 


POSTSCRIPT 

This account, although far from complete, is sufficient to indicate 
the kinds of methods now available for scientific inquiry into thinking. 
The evidence is clear that thinking, whatever its nature, is too com- 
plexly and obscurely determined to be profitably conceived of as 
essentially a conscious process, sufficiently open to direct inspection 
to justify introspection as the sole or even the major means of inves- 
tigation. For this reason the course of research on thinking has been 
marked by the development of devices for attacking the problem 
indirectly, i.e., for arranging conditions in which the main experi- 
mental data consist of observed behavior and behavioral achieve- 
ments, either symbolic or directly motor. Some of the methods are 
broadly exploratory, some specifically directed and closely organized. 
On the whole, the trend has been toward methods whereby behavioral 
data are secured under conditions in which specified determinants < )f 
the behavior under investigation imj he inferred from specified 
reactions or specified achievements. 

It would be misleading, however, to close this ac(*ount without 
stating exiflicitly that these methods, however effective in specified 
(‘onditions, have led to little knowledge of thinking that is at onc(^ 
broadly significant, solidly grounded in fact, and unequivocal in 
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meaning. It would be misleadingj too, to omh thi* :<ugget;tion that 
this state of affairs may be due, not so much to a lack oi suitable 
procedures, as to failure to ask effective questions. Flfieetive ques- 
tions imply effective conceptions of the situations iiiAa^tigated, and 
at best such conceptions are formulated as definite theories which 
establish the main lines along which research is directed. Psychology, 
of course, does not lack theories of thinking, but none of these theories 
has as yet led to experimental data on the basis of which thinking has 
been explained in a manner acceptable to all who are competent to 
judge. Perhaps, in research on thinking, the special need at present 
is an adequate conception of the problem itself. At an}^ rate these 
reflections call attention to the fact that in the actual work of science 
experiment and theory are intimately connected and that scientific 
research is more than the manipulation of techniques — it is basically 
an inquiry into significant problems. 
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Psychophysical Methods 


L. L. Thurstone^ 


The Problem of Subjective Measurement 

Psychophysics is that braneli of psychology which is eoneenied 
with subjective measurement. Obviously a subjective unit of meas- 
urement is rec|uired. Psychophysical theory is concerned with the 
logic of subjective measurement [8], and psychophysical methods 
are concerned with experimental procedures. 

In order to illustrate the difference between the psychological con- 
iinuim and the physical stimulus continumn, let us consider an 
experiment in the differentiation of lifted weights, which has been 
investigated by hundreds of experimenters. The experimental subject 
is presented with a large assortment of small cylinders/all of them 
equal in size and appearance but different in weight. He is shown 
two of these cylinders which differ markedly in weight, and they are 
designated as standards for this experiment. Then the subject is 
asked to select one of the other weights that seems to be midway 
between the two standards. When the subject has satisfied himself 
that he has found a cylinder whose weight marks the midpoint 
between the standards, the three cylinders may be compared as to 
their “actual” weights. When the intervals are expressed in grams 
or other physical units, it is found that the lower interval is smaller 
than the upper one. In other words, the subjective or psychological 
continuum is not the same as the physical continuum. Measurement 
on the subjective continuum will be denoted S, and measurement on 
the physical continuum will be denoted The experimental 

method just described is called the method of mean gradation. 

Psychophysical problems can be divided into several classes. Per- 

1 Charles F, Grey, Distinguished Service Professor of Psychology, University of 
Chicago. 

-R for the German Eefaf (stimulus). 
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haps the most fundamental of these is that in which each one of a set 
of stimuli is allocated to a point in the subjective continuum without 
reference to physically measurable attributes. In a closely related 
class is the problem of predicting what people will do in terms of the 
subjective values of a set of stimuli. If their subjective values for 
a set of neckties are known, how many of the subjects will select a 
particular necktie as their first choice in any given assortment of 
neckties? Another large class of problems is concerned with the 
relation between the subjective and the physical continila. We shall 
see that this relation is known as Fechner -s law. One of the oldest 
types of psychophysical problem is that of determining the physical 
stimulus increment which the subject can just barely perceive. This 
increment is called the just noticeable difference. Since this is the 
simplest of the psychophysical problems, we shall start with the 
concepts and the experimental methods that have been used for 
determining such stimulus increments. 


The Limen 

The physical stimulus continuum is represented by the vertical line 
in Fig. 1. If the subject is being examined as to his ability to differ- 
entiate fine differences in the 
lengths of lines, then the stim- 
ulus unit might be the centi- 
meter. If he is examined as to 
his ability to differentiate fine 
differences in pitch, then the 
stimulus unit would be cycles 
per second. The highest stim- 
ulus magnitude that the sub- 
ject can perceive is called his 
terminal stimulus or terminal 
threshold. 

In one type of experiment, 
the object is to determine the 
smallest stimulus difference 
that the subject can j)erceive. 

With a given standard /?,„ the 
experimenter determines that 
stimulus threshold Rt which 
the subject can just barely differentiate from the standard. The magni- 
tude of Bt is called the differential threshold for the given standard. 
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Difference Ilmen t 


-Differential threshold Ef 
-Standard i?. 




Absolute limen 


- Absolute threshold J?,, 


- Zero stimulus 
Fig. 1. The physical stimulus continuum. 


The stimulus increment required for discrimination is called the differ- 
ence limen t. 

Sometimes the object is to determine the smallest stimulus magni- 
tude that the subject can perceive. Various small intensities are then 
tried to find the absolute threshold Eo, which is the smallest stimulus 
intensity that the subject can identify. The increment between zero 
stimulus magnitude and the absolute threshold Eo is called the 
absolute limen t^. The absolute threshold Rq and the absolute limen 
4 are numerically identical. 

Another well-known problem in psychophysics is to determine the 
two-point threshold. This is the smallest distance between the two 
points of a special compass, called an esthesimneter, which the subject 
can just barely differentiate as two distinct points. For smaller 
separations between the compass points, the subject reports that 
he feels only one point. For further descriptions of the two-point 
threshold, see page 260. 

We have described the limen here as if it might be a sharply defined 
stimulus increment, but such is not the case. The subject varies 
from moment to moment in his sensitivity and attention, so that it 
usually becomes necessary to define the limen as a statistical measure. 
We say then that the limen is that stimulus magnitude, or that stimu- 
lus difference, which the subject can discriminate in a specified 
proportion of his attempts. In some experiments this proportion is 
set at 50 per cent, whereas in others it is set at 75 per cent, or higher. 
It is customary to define the absolute threshold as that stimulus 
magnitude which the subject can identify in half of his attempts. The 
difference limen, however, is usually set at a higher proportion, such 
as 75 per cent, because otherwise the subject would be right in half 
of his attempts merely by guessing which of the two stimuli is the 
higher. 

THE MAJOR PSYCHOPHYSICAL METHODS 
Method of Reproduction 

One of the simplest psychophysical methods is called the method of 
reproduction or the method of average error. The essential feature 
of this method is that the subject tries to reproduce the magnitude of 
a presented stimulus. For example, he is shown a straight line on a 
large card, which is placed at a specified distance in front of him, 
and is given a large sheet of paper with instruction to draw' a line of 
exactly the same length. If he makes, say, one hundred such 



attempts, tlieii liis performance can be analyzed to determine liow 
accurate it is. 

In answering the question of how accurately the subject can repro- 
duce the presented stimulus, we encounter in the subject’s performance 
two kinds of error, which are investigated separately in many psycho- 
physical experiments. One of these is the constant error, \±kh is 
also called the systematic error. Another type is the variable error, 
which measures the sensitivity of the subject. 



Fig. 2. Distribution of reproductions of a line stimulus. 


In Fig. 2 we have a representation of the results obtained by the 
method of reproduction. The length of the presented standard line 
is denoted Eg (the distance between the origin and Eg ) . A distribu- 
tion curve is obtained from the large number of separate attempts by 
the subject to reproduce the standard line. The mean of this dis- 
tribution is denoted Em* If the length of the standard line Eg and 
the average length Em of the lines by the subject are unequal, then 
the discrepancy is a measure of the amount of over estimation or 
underestimation. This discrepancy is also called the crude constant 
error c. In the example of Fig. 2 we infer that the subject over- 
estimated the standard line because his average line is longer than 
the standard Eg. The crude constant error can be defined by the 
relation c = Em — Eg. 

The consistency of the subject, sometimes also called the sensitivity, 
is measured by the dispersion of the distribution of his attempts. The 
standard deviation o- may be used to denote the amount of dispersion. 
In analyzing psychophysical data it is common to make a formal 
assumption that the subject’s reproduction E is determined by two 
components: his average amount of overestimation or underestimation 
c and his variable error v at the moment of drawing a particular line. 
The formal result is then that his reproduced line E ^ Eg + c + v. 
Of course, we do not really believe that the degree of overestimation, 
positive or negative, is truly constant, but the result is treated as if 
it w^ere the sum of one component that is constant, the constant error 
c and another component v that is variable from moment to moment. 
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There is an importani limitation in tiie method of reproduction, 
namely, that the stimulus magnitude reproduced by the subject is 
determined in part by his ability to perceim the stimulus and in part 
by his muscular coordmation in reproducing the standai'd stimuius, 
either by drawing a line, as in the present case, or by iuanii)ulatiiig 
some apparatus that controls the stimulus magnitude of Ids repro- 
duetions. In psychophysical studies we art^ usualiy interested in the 
subject's ability to perceive the stimulus, and hence the effect of Ids 
muscular coordination is often a distracting and irrelevant element in 
experiments with this method. In many situations, however, this 
method is the natural one. An example is the psychoph^^sical analysis 
of target practice where ^ve are interested in good results, no matter 
what the perceptual and muscular components may be. Here it is 
useful to know the constant error, both in direction and in amount, 
and also the variability of the results over the target. 


Weber’s Law and Fechner s Law 

The two best-knowm laws of psychophysics are Weber's law and 
Fechner ’s law. These two laws are frequently confused, and they 
are then described in a general way as the Weber-Fechner law, as if 
they were essentially the same law. The explicit formulation and 
experimental verification of these two laws wdll be described here. 
Their theoretical and experimental separation will be described in 
a later section in connection with the concept of the discriminal 
dispersion. 

The older law is that of Weber, who stated ^dn comparing mag- 
nitudes, it is not the arithmetical difference, but the ratio of the 
magnitudes, wdiich w^e perceive” [27, p. 430]. This law states what 
is well known in practical observation. In judging two suitcases as 
to which is the heavier, it is the ratio of the two weights that deter- 
mines the ease with which we can perceive their difference. If their 
difference is only a few ounces, then it is unnoticed. If two letters 
differ by the same number of ounces, however, we easily perceive the 
difference. In the case of the letters, a few ounces alter their weight 
ratio very markedly, whereas a few ounces have no significant effect 
on the ratio of the weights of the suitcases. If a room is lighted by a 
single candle, then we notice readily the addition of a second candle 
because the light is then doubled. The addition of a single candle 
to a well-lighted room is unnoticed, however, because the two bright- 
nesses are practically the same. This principle seems to be general. 

Let us attempt to make an explicit scientific statement of Weber's 
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law so that it can serve as a guide to what we actually do in the 
laboratory in trying to verify this law. We seek, then, an operational 
statement of Weber’s law. Merely to say that it is the ratios of the 
stimuli that we notice rather than their actual differences does not 
say just what to look for in the laboratory. The statement wdll be 
improved it wu say that the difference limen u a constant fraction of 
the stimulus. But the subject compares two stimuli. Which stimulus 
magnitude shall we take as the denominator? We can resolve this 
ambiguity by taking the average of the two stimuli as a standard. 
Then our statement wuuld read: the difference between two stimuli 
which can he just barely perceived is a constant fraction of their 
average magnitude. When wm come to the experiments, wu find that 
this stimulus difference is not stable. Any fixed small difference is 
perceived by the subject in some trials and unnoticed in other trials. 
The greater the difference, the more often will the subject notice it. 
In fact, we are dealing with an experimentally continuous function 
w'hich has no “jumping-off place” that can be called a limen. Tlie 
proportion of correct judgments rises continuously with increase in 
the stimulus difference. Hence we must state Weber’s law in terms 
of the relative frequency of correct judgments that we require in a 
definition of the limen. This difficulty can be resolved if we state 
Weber’s law in the form, p = C. Here C is any specified propor- 
tion of correct judgments except zero and unity. Let us take some 
arbitrary value, such as C = 0.75. If the stimulus value R is 100 
grams, we may find that kR is 103 grams, as experimentally deter- 
mined. The constant k is then 1.03. If we find that the value of k 
is the same for all values of R, then ve have verified Weber’s law 
for the constant C = 0.75. If w^e find that the relation also holds 
for all permissible values of C, then this formulation of Weber’s law 
is experimentally verified [12]. 

The constant (fc — 1) is called Weber’s ratio. This ratio is about 
1/100 for brightness, and about 1/30 for lifted weights. The smaller 
values of Weber’s ratio indicate the greater sensitivity. The ratio 
is much higher for loudness, for which human perception is rather 
coarse. Weber’s law has been found to hold fairly well over the 
major part of the stimulus range, but it breaks down toward the 
terminal stimulus values. The law also fails near the absolute 
threshold. 

In considering the method of mean gradation, we noted the dis- 
tinction between the psychological or perceived continuum and the 
physical or stimulus continuum. A weight that seems to us to lie 
midway between two standard stimuli is not ordinarily midway 
between them in number of grams. The relation between the sub- 
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jective continuiiin S and tlie plij’sical coiitiniiiiiii i? has been found 
experimentally to be logarithmic, in shape, and hence the relation can 
be described by the empirical equation 5 = fc log R, where k is a param- 
eter that varies with the nature of the stimuli and the experimental 
conditions. Although psychophysics is primarily concerned with 
measurement in the subjective continuum S, it deals also wdth the 
interesting relation between the subjective and the physical continua. 
This relation is expressed in Fechner’s law. In the case of liinen 
determinations, we are dealing with the relatively simple problem 
of expressing a just noticeable subjective difference in the correspond- 
ing physical continuum. 

Two differences between these laws should be noted. The two laws 
are expressed as follows: 

PRKkR = C, and S = k log R. 

(Weber) (Fechner) 

It can be seen by inspection that Fechner’s law deals explicitly 
with the psychological continuum, whereas Weber’s law sa^^s nothing 
explicitly about S, Another conspicuous differentiation is in the 
stimulus increments wuth which they deal. A difference that is barely 
perceptible is called a liminal difference. Large stimulus differences 
which are easily perceived are called supralimm-al differences. Very 
small differences about which the subject w'ould nearly always be in 
doubt are called subliminal differences. Now, wdth regard to the two 
psychophysical law^s, note that Weber’s law is always concerned with 
liminal and subliminal differences, whereas Fechner’s law has no 
limitation in this regard. If the difference between twm stimuli is 
supraliminal, then the subject can always distinguish them, and his 
proportion of correct discriminations is unity. Weber’s law is con- 
cerned with stimulus differences that are small enough so that the 
subject has some difficulty in distinguishing them. Under certain 
conditions, to be described later, the two laws can be verified in the 
same set of experimental data, but under other conditions one of these 
laws can be satisfied when the other one fails [13, 24, p. 383]. 

The earlier statement of Weber’s law — ^that we perceive the ratios 
of stimulus magnitudes and not their absolute differences — can be 
interpretated as implying the logarithmic relation of Fechner’s law 
directly, but experimental work on Weber’s law has been universally 
restricted to the relation between the difference limen t and the stimu- 
lus magnitude R. It is thereby restricted to liminal differences. We 
shall see that there is good reason for separating these two problems, 
namely, (1) the functional relation between the subjective and the 
physical continua, and (2) the ease of discrimination between two 
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stimuli. The first is the logarithmic relation that has become known 
as Fechner’s law. The second problem is markedly affected by the 
stimulus ambiguities to be described later. 


The Stimulus Error 

In order to understand some problems in psychological measure- 
ment, it is essential to be able to observe one’s own mental processes. 
This requires a psychological point of view which differs from that 
of judging the properties of physical objects. When the subject tries 
to guess whether a weight actually is midway between two standard 
weights, we say that he makes an object judg7nent. He tries to 
describe the physical properties of the object. When he reports 
w’hether a weight seems to lie midway between two standard weights, 
as experienced, and without reference to the number of grams or 
ounces, then we say that he makes a sensory judgiyient. He tries to 
describe his sensations. When the subject is asked to make a sensory 
judgment and yet reverts to the more naive object judgment, he is 
said to commit the stimulus error. Then he pays attention to the 
physical stimulus, although he is asked to report sensory or perceptual 
intensities [1]. 

It has been found that the accuracy of object judgments can be 
improved with practice. For example, a grocery clerk may be so 
well practiced that he can estimate the weight of a piece of cheese 
with considerable accuracy. Similarly, a postal clerk may be able 
to judge the required postage for a letter by merely lifting it. Such 
individuals would probably find it difficult to serve as subjects in 
psychophysical experiments if they were required to make sensory 
judgments in the range of their experience. They have learned to 
describe perceptual intensities S in terms of the corresponding physical 
magnitudes R. 


Method of Limits 

One of the relatively simple methods of determining the limen is 
the method of which is also called the method of minimal 

change. This method will be described separately for the determina- 
tion of the absolute threshold and for the difference limen. 

In the experimental procedure for the absolute threshold the subject 
is first presented with a single stimulus of very low intensity, so that 
he cannot identify it. The stimulus is augmented by the experimenter 
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in successive steps until the subject reports that he does perceive it. 
This is the ascending series of judgments. Then the experimenter 
presents to the subject a stimulus which is definitely siipraliminalj 
and the stimulus is altered by successive decre- 
ments until the subject reports that he no longer 
perceives it. The subject gives a report of pres- 
ence or absence of the stimulus for each setting. 
This is the descending series of judgments. 

In Fig, 3 we have a diagrammatic representa- 
tion of the ascending and the descending series 
of judgments. The plus sign represents a posi- 
tive judgment by the subject, and the minus 
sign represents failure to identify the stiiiiulus. 
The ascending series starts with a low stimulus 
intensity, which the subject fails to identify. 
It is augmented in steps until the subject reports 
that he does perceive it. This stimulus is marked 
plus for the ascending series. Midway between 
the last two settings we have the ascending 
threshold intensity Ra, which is in this case 
identical with the ascending limen ta as shown 
in the diagram. 

A supraliminal stimulus which the subject definitely identifies is 
then presented. It is altered by successive decrements until the 
subject reports that he fails to perceive it. This last intensity is 
marked minus. The midpoint between the last two settings is 
recorded as the descending threshold Ra, and this is identical with the 
descending limen The absolute threshold to is then taken as the 
average of the ascending and the descending limens. In practice, the 
experimenter presents a . number of ascending and descending series, 
the average of which is taken as the absolute threshold. Formally, 
we have: 



Fig. 3. Judgments of 
ascending and de- 
scending series for ab- 
solute thresholds. 




Ra + Rd 


or 


^0 


la “k Id 


The difference limen is determined by this method in a similar 
manner. The subject is presented with two stimuli, which are called 
the standard ^stitmllus md the variable stimulus respectively. The 
subject is told which of the two stimuli is the standard and which is 
the variable. He is told, further, that the variable stimulus will be 
altered in magnitude by the experimenter in successive increments, 
and that he is to judge for each setting of the variable whether it 
seems to be (1) lower than the standard, (2) equal to the standard, 
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or (3) liiglier than the standard. These are called three categories 
of judg^nent. It is also explained to the subject that the initial setting 
of the variable will be quite low, so that it can be easily differentiated 
from the standard, and tliat the variable will then be augmented in 
successive steps until it exceeds the 
standard. This is called the ascending 
series of judginents. 

In Fig. 4 we have a diagrammatic 
representation of the method of limits 
for the determination of a difference 
iimen. The low initial settings of the 
variable stimulus are marked minus 
because the variable is then easily seen 
to be lower than the standard. After 
several increments the subject reports 
that the two stimuli seem equal. The 
midpoint between these two settings is 
denoted Ria for the lower ascending 
threshold. After several increments 
during which the subject reports equal- 
ity, he finds one stimulus which he 
reports as greater than the standard. 

This is marked plus. The midpoint 
between the last two settings is denoted 
Rua for the upper ascending threshold. 

The standard stimulus magnitude is 
denoted Rs in the figure. The upper 
and lower difference limens are devia- 
tions from the standard and are denoted and tia respectively. A 
similar diagrammatic representation is shown for tlie descending 
series. 

From data collected in this manner, three determinations are made. 
The difference limen is the average of the four limens, ascending and 
descending, upper and lower. We have then for the limen T; 

i = y^itud + iud + hd + tu)\ 

■'nr /■■" 

i ~ y^iRud + Rtia Hu “ Rki) * 

The point of subjective equality Reis that variable stimulus magnitude 
which seems, on the average, to be equal to the standard. This is 
taken as the average of the four thresholds, and we then have 

Re ykiHnd + Rua + Rid + Rla) • 



Fig. 4. Judgments of ascend- 
ing and descending series for 
differential thresholds. 



The crude constant error c is the difference i,)etweeri the standard 
stimulus value and the point of subjective equality. We have then 

■ Both the figures for this method have been drawn s(j as to represent 
a usual effect in the method. The ascending thresholds are shown 
higher than the descending thresholds. The explanation is probably 
that the subject tends to retain the category of judgment which lie has 
been giving until the conditions have been stretched somewhat beyond 
the true threshold. This eft'ect is called habituation. The opposite 
effect is sometimes observed tvhen the subject gives the next category 
of judgment sooner than is expected by his threshold. This effect is 
called expectation. The more common eff‘ect is habituation. It seems 
likely that individual differences in this effect have a temperamental 
origin. Psychophysical differences might be investigated in the search 
for objective indices of personality. 


The Constant Method 

Por the purpose of making a limen determination, the experimental 
procedure should preferably be such that the subject has no knowledge 
as to which stimulus is being increased or decreased. In most cases he 
should be unaware of any distinction between the standard and the 
variable stimulus because this distinction is largely a matter of book- 
keeping for the experimenter. As far as the subject is concerned, the 
twm presented stimuli should be coordinate, and his task should be 
merely to judge which of them has more x-ness, where x is any stimulus 
attribute that is to be judged. The constant method satisfies these 
preferred conditions. 

The subject is presented with a series of pairs of stimuli and is 
asked to specify for each pair whether a designated stimulus is the 
stronger or the weaker. For analytical purposes the two stimuli are 
called the standard and the variable. The subject may be allowed 
either tw’o or three categories of judgment. If he has two categories 
of judgment, then he judges that the stimulus A is greater than B, 
or that it is less than B. If he has three categories of judgment, then 
he judges that stimulus A is greater than B, equal to B, or less than B. 
The stimuli A and B may be defined as right and left, or first and 
second. These two sets of instructions, for two or three categories 
of judgment, will be described separately. 

When the subject has responded to a large series of comparisons of 
the standard with different values of the variable then the 
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results can be represented graphically in what is known as the psycho- 
metric junction, which is illustrated in Fig. 5. Whenever the variable 
stimulus is much greater than the standard, then the subject returns 
a large proportion of judgments > Bs, and hence the curve ''larger” 
rises with increasing values of the variable stimulus. The curve for 
judgments “smaller” is the complement of the curve for judgments 
“larger.” The sum of the ordinates for these two curves equals unity 
for all values of the variable stimulus. The point of subjective 
equality Re is that value of the variable stimulus which is defined by 
the intersection of the two curves at the level P = 0.50. The constant 
error c is the difference between the standard stimulus R^ and the 



Variable stimulus R^, 


Fig. 5. The psychometric function (two categories of judgment). 

value Re. The sensitivity is represented by the slope of the curve, and 
hence it may be measured by the standard deviation of the distribu- 
tion of judgments “larger.” Because of symmetry, the two curves 
have the same dispersion. The dotted curve at A is steeper, and hence 
it would represent a subject with greater sensitivity and lower limen. 
One common measure of the sensitivity is the distance between the 
standard stimulus and that variable stimulus for wdiich the psycho- 
metric curve has an ordinate of p — 0.75. This is the increment 
which must be added to the standard stimulus in order for the subject 
to make the correct discrimination in three-fourths of his attempts. 
This increment is denoted in Fig. 5. In a similar way the lower 
limen U is defined as that decrement below the standard stimulus 
which the subject differentiates correctly in three-fourths of his 
attempts. This measure of the lower limen is also shown in the figure. 
Because of the constant error, the upper and lower limens are not 
necessarily equal. 
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If the subject has been allowed three categories of judgment, tlien 
the results can be represented graphically by the psychometric curves 
of Fig. 6. The equality judgments are called the hiten/iediate categorii 
of judgment The two psychometric curves then intersect below the 
median line. The upper threshold Ru is defined by the intersection 
of the curve for “larger” wuth-the median line, as shown. The lower 
threshold is defined in a similar way from the psychometric curve for 
judgments “smaller.” The midpoint between these two thresholds is 
taken as the point of subjective equality or this value may be 



defined by the intersection of the twm curves. These deterininatioiis 
for jffie are nearly the same. The difference limen can be defined as 
the standard deviation of either curve, or it may be defined as half 
of the interval of uncertainty U which is the difference between the 
upper and lower thresholds. Much has been, written about the 
detailed methods for determining a limen from the psychometric 
curves, and the question has been the subject of more controversy 
than it is worth. 

The question of whether to use two or three categories has also been 
much debated [4] . This question is quff^ resolved in terms 

of the purposes of the experimenter. If he wants to find the limen 
of a particular subject for a particular kind of sensory discrimination, 
then he should use only two categories of judgment. If he uses three 
categories, then the cautious subject will report equality when he is 
uncertain or when he does not give the necessary effort for a decision. 
A more confident subject will give decisions with a minimum of 
equality judgments. Consider what happens to a limen determination 
if the subject avoids the intermediate category altogether, cither by 
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intention or by temperament. The interval of uncertainty U in Fig. 6 
then disappears altogether, so that the curves look like those of Fig. 5. 
The upper and lower limens then vanish, and the interpretation is 
that the subject has infinite sensitivity, which is absurd. The determi- 
nation is then markedly affected by temperamental characteristics 
which are irrelevant for- the sensory liinen. On the other li and, if the 
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Fig. 7. Skewness of the psychometric function. 

purpose of the investigator is to study the experience of equality, then 
he should use three categories of judgment. The result might give 
an objective index of some characteristic of temperament, or of the 
sensory tolerance of the subject, but not of his liinen. 

Because of the many hundreds of experimental studies with the 
constant method, there has been considerable interest in the shape 
of the psychometric curve. It has often been assumed that the curve 
is symmetric in the sense that the upper and lower limens are essen- 
tially equal, but this assumption has been shown to be erroneous on 
theoretical grounds [20]. The psychometric curve is positively 
skewed, as shown in Fig. 7. The positive skewness of the psycho- 
metric curve varies with Weber’s ratio. For keen discrimination; 
where the ratio is, say, 1/100, the skewness is very slight, so that it 
can be ignored. For coarse discrimination, such as for loudness or 
smell, the skewness becomes conspicuous [5, 14], 


Space and Time Errors 

The preferred psychophysical methods usually involve the presen- 
tation of two stimuli for the subject to compare. The perception of 
two stimuli usually requires that they be separated in space over the 
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sensitive surface of the receptor for simultaneous lu'csentatioii, or that 
they be separated in time for successive presentation. Because of 
this circumstance, it is difficult, with two stimuli, to avoid the effects 
of spatial or temporal separation. 

When two stimuli are presented visually with the constant method, 
they are displaced so that one of them is to the right and the other 
to the left, or one is above the other. When the comparison is made, 
it happens not infrequently that the subject tends to overestimate, or 
underestimate, the stimulus to the right, or to the left. The result is 
a constant error which is then called a space error. Whenever the 
constant error is of considerable magnitude, one usually looks for an 
explanation in the experimental situation. 

When the two stimuli are presented in succession, there is a frequent 
tendency for the subject to underestimate the first stimulus. Since 
the constant error is then due to the temporal displacement, it is called 
a time error. Much experimental work has been done on the nature 
of the time error [27, pp. 438-449]. When a subject makes a com- 
parison between two successive stimuli, he is in effect comparing the 
second stimulus with the memory of the first one. There seems to 
be a tendency of his memory for the first stimulus to regress toward 
the mean of the whole set of stimuli in the experiment, or even toward 
the mean of the same general class of stimuli in the experience of the 
subject. 

In some experiments the constant errors, either space errors or time 
errors, are irrelevant for the main purpose. They can be eliminated 
or ignored in some situations by presenting the same stimulus in some 
trials to the right and in some trials to the left, or sometimes first and 
sometimes second. This is called counterhalanced order of presen- 
tation. In other experiments the constant error is the main object 
of investigation, as in measuring the magnitude of an illusion. An 
illusion is an error in perceptual judgment. The cause is usually that 
the subject tries to judge one thing but is unwittingly affected by other 
things. If the object is to measure the size of the Mulier-Lyer illu- 
sion, then the arrow of the figure may be to the right in half of the 
presentations and to the left in the other half. In analyzing the 
experimental results, one can determine separately the magnitude of 
the illusion for the experimental subject and his tendency to over- 
estimate the stimulus on the right or left side. In some experiments 
a constant error is introduced by differences in movement when the 
subject tends to make stronger movements toward the right or the 
left side. Such a constant error is called a movement error. 


Method of Paired Comparison 

In the constant method a single stimulus is chosen as a standard 
and is compared with all the stimuli in the experimental series. If 
there are n stimuli in the series, then there are n distinct comparisons 
to be made, or (n — 1) comparisons if the standard is not compared 
with itself. In the method of paired comparison every stimulus is 
compared with every other stimulus, and hence there are compari- 
sons, or n{n — 1) comparisons if each stimulus is not compared with 
itself [24, 26]. As regards experimental procedure, the constant 
method is a special case of the method of paired comparison. The 
method of paired comparison can be used for the purpose of making 
limen determinations in which every stimulus serves in turn as a stand- 
ard, but we shall consider it here for the more fundamental problem of 
establishing a metric for the psychological continuum. 

When the subject has made a large number of comparisons for each 
pair of stimuli, the results can be arranged in a square table of experi- 
mentally observed proportions, like Table I. The entry ps 2 , ^ov 
example, shows the proportion of the subject’s judgments Rs > R 2 
in the attribute that was judged. Such a table can be arranged for 
any attribute x about which the subject can say, “A is a-’er than B.” 
The general element in this table may be denoted py*,. It shows the 
proportion of judgments in which j exceeds fc in the specified attribute. 


TABLE I 

Data Form foe the Method of Paired Comparisons 
k 



1 

2 

3 

n 

1 

0.50 

P 12 

Piz — 

pin 

, ,2 

P2l 

0.50 



p2n 


Pn 

VZ2 

0.50 — 

pu 

— 


— 

Pjh 0 . 50 

— 

n 

Pm 

pm 

pnz — 

0.50 


The problem is to allocate each of the n stimuli to a point on the 
linear subjective continuum which represents the differential experi- 
ence of the attribute x [6]. Since only two categories of judgment 
are implied in this table, we have the restriction that py* == 1 - py, 
and, in general, the diagonal elements are 0.50, since we eliminate 
the constant error by counterbalanced order. Hence, there are 
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n(n“l)/2 experimentally independent values which should be 
consistent with a set of n subjective scale values, one for each stimulus. 
For 20 stimuli, the problem is then to accoimt for 190 experimentally 
independent proportions by 20 scale values. 

In solving this problem it has been found necessary to distinguish 
between two kinds of stimulus series, namely, those in which the 
stimuli are homogeneous in that they differ only in a single attribute, 
and those in which the stimuli are heterogeneous in that they differ 
necessarily in attributes additional to the one which is being studied. 

In auditoiy experiments tlxe attribute. 

I that is specified for comparison may be 
pitch. In a homogeneous stimulus series 
we should have pure tones that differ 
only in pitch. If w^e want to compare 

■ noises as to their pitch, however, then we 

■ are neGessarily dealing with a hetero- 
geneous stimulus series. It has been 
found that for homogeneous series a 
single parameter or scale value Sj can be 
assigned to each stiniiilus so that the 
observed proportions are accounted for. 

Ri A heterogeneous stimulus series requires 
two parameters for each stimulus, 
namely, a mean scale value Sj and a 
measure of subjective dispersion o-j. 

Consider the two continua, R and S, 
which are represented in Fig. 8. A par- 
ticular stimulus i?! is represented by a 
Fig. 8. Dlscnmina! disper- point on tlie i? scale, determined by its 

slom of physical magnitude. The apparent or 

subjective magnitude of this stimulus on 
a particular occasion is represented at some point So on the S scale. 
The stimulus Si is perceived with different apparent magnitudes S on 
different occasions. Let Si be the median apparent magnitude for the 
stinaulus Si. This apparent magnitude is mediated by a process of 
unknown nature which may be considered to be psychical or physio- 
logical or both, depending on philosophical preferences. We shall call 
this process the modal discriminal p7*ocess for the stimulus S|. The 
allocation of this discriminal process on the subjective continuum will 
be denoted Si. On any particular occasion the stimulus Si may be 
perceived by other processes, such as the discriminal process denoted 
Sq. It will be assumed that each discriminal process is the modal proc- 
ess for some stimulus magnitude. The physical magnitudes and the 
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corresponding average modal processes are covariant, and for every 
physical magnitude there is a corresponding modal discrirninal process. 

In order to introduce a subjective metric for the discrirninal 
processes, we make the hypothesis that each stimulus projects a 
normal frequency distribution on the subjective eontinuurm By this 
we mean that tlie discrirninal processes are so separated that tlie 
distribution of frequencies with which they are experienced in response 
to the stimulus is normal We are free to define the S scale 
arbitrarily in this manner for any given stimulus, but it becomes an 
experimental fact whether the frequency distributions for other stimuli 
wmuld then also be normal Since the subjective quality of a single 
stimulus cannot be communicated, the experimental verification must 
be indirect. 

Having defined the S scale in such a manner that the stimulus Ri 
projects a Gaussian distribution, we next define the discrirninal 
deviation d as the linear separation between S and the scale value Si. 
This separation is determined by the relative frequency with whicli 
S is experienced when Ri is perceived. The standard deviation of 
the S values is 0-1. 

We now introduce another stimulus magnitude R^ as shown in the 
figure. The modal discrirninal process for this stimulus is denoted 
S2, and it is again assumed that this stimulus projects a normal 
distribution on the subjective continuum, but not necessarily with 
the same dispersion. If the second stimulus is of such a nature that 
it is perceived more consistently as to its apparent magnitude on 
successive occasions, then it will project a smaller dispersion on the 
subjective continuum. It will be described as a stimulus of lower 
ambiguity or dispersion. The subjective dispersions are denoted o-j 
and or2 respectively. If one of the stimuli is chosen as a standard, 
its subjective dispersion may be defined as the subjective unit of 
measurement [ 8 , 18 ]. 

It is assumed that, if the discrirninal process for Rx is higher on the 
)S scale than the discrirninal process for R^ on the particular occasion 
when they are compared, then the subject will return the judgment 
Rx > R%. When this relation is reversed on the subjective continuum, 
then the subject returns the opposite judgment, namely, R^ > ]?i. If 
this pair of stimuli is presented,, together with other stimulus pairs, 
for a large number of comparative judgments, then the proportions of 
judgments, fju, can be experimentally determined. It can be shown 
by statistical reasoning that 

Sj — Sk = Xjk'^tr f 4 - — 2rjk(Tjcrk 

where Sj and Sk are the scale values of the modal discrirninal processes, 
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Xjk is the deviation from the mean of a normal, distribution, determined 
by the proportion of judgments Rj > Rk. o-j and ak are the discriiiii- 
nal dispersions of the two stimuli, and is the coiTelation between 
the scale values of the discriminal processes. 

This equation is the law of comparative jiidgmen^^ by w%ich each 
stimulus can be allocated to the subjective continiium. The validity 
of this law is sustained if it is found that a set of consistent scale values 
Sy and subjective dispersions cry can be found by this equation such 
that they account for the experimentally observed proportions of com- 
parative judgments. The number of stimuli in the experimental series 
must be long enough so that there is a much larger number of experi- 
mentally determined proportions than there are parameters to be 
determined. In order to make the problem soluble, it is usually 
assumed that the correlational term vanishes. The correlations can be 
estimated separately by the method of successive intervals, but most 
experiments are so arranged that the correlations can be assumed to be 
negligible. 

In the simplest case the discriminal dispersions are also assumed to 
be equal, so that the law of comparative judgment reduces to the 
simple form 

Sj — Sk = Xjk\^^2 

which is known as Case V of this law [18, 24]. In this case it is 
assumed that the experimentally observed proportions can be accounted 
for by a single parameter Sj for each stimulus. This can frequently be 
done, but it is occasionally necessary to deal with two parameters for 
each stimulus, namely, the scale value Sj and the subjective dis- 
persion O-y. 

Although the law of comparative judgment is easily applied to the 
stimuli of classical psychophysics, the more generally interesting appli- 
cations are those which involve social, moral, and esthetic values, 
opinion polls, and consumer preferences. One example of the meas- 
urement of social distance and racial preferences will be given here. 
Several hundred students were presented with a schedule in which they 
were asked to check one of each pair of nationalities or races to indi- 
cate with which they would rather associate [19]. The resulting 
tabulations were analyzed by Case V of the law of comparative 
judgment. It must be reeognized that the preferential values were 
determined, not only by the nationalities and races involved, but also 
by the particular groups of subjects, as well as the time at which their 
preferences were expressed. Students in other countries and at differ- 
ent times would return different subjective values. It is of interest 
that the average discrepancy between the experimentally obtained 


proportions and those which are implied by the computed scale values 
was only 0.03, even with the simplifying assumptions of Case V.^ 

It has been assumed in some earlier psychophysical studies that 
“equally often noticed differences are equal,” but it can be shown that 
the discriminal dispersion may have a serious effect on this assump- 
tion. In Fig. 9 we have represented the 
discriminal dispersions of three stimuli 
on the subjective continuum in which 
Sa == Hence pab = 0.50. Stimulus 
A has a large dispersion, so that the sub- 
ject perceives high values in it on some 
occasions, and low values on other occa- 
sions. The proportion of judgments 
A > C will be high but not unity, because 
these two subjective distributions over- 
lap. The proportion of judgments B > C 
will be unity, because stimulus B is never 
perceived as below C. Here the scale 
separations (A — C) and (B — C) are 
equal, but their frequencies of discrimi- 
nation are not equal. Hence we conclude 
that equally often noticed differences are 
not equal if the stimuli have different 
dispersions. The assumption is valid, 
however, when the dispersions are uni- 
form. 

The law of comparative judgment 
takes no cognizance of the physical stim- Fig. 9. Discriminal disper- 
ulus intensity or of any other physical stimuli, 

measurement except relative frequency 

of comparative judgment. Hence it can be used to define the subjec- 
tive continuum for a stimulus series which has no known physical 
measure as to the designated attribute. A series of handwriting speci- 
mens, for example, can be compared as to their relative degrees of 
excellence without reference to the fact that this attribute has no 
known physical measure. One application is in semantic studies of 
cognitive and affective word meanings. The cognitive content of 
famous and notorious is practically the same, but they differ in affec- 
tive connotation. These differences can be measured with the law of 
comparative judgment. For each experiment it is necessary, however, 
to verify the applicability of the law by showing that the scale values 
S and the discriminal dispersions <t actually do account for the much 

3 For more complete discussion and bibliography, consult [8], 
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larger number of experimentally , observed coiiiparative judgments. 
This internal consistency must be demonstrated for each kind of appli- 
cation before, we can speak of subjective measurement, as distinguished 
from mere rank order. 


Method of Equal Appearing Intervals 

In this method the subject deals directly with the psychological 
continuum, wdiich is represented by a series of successive intervals. 
He is asked to assign each one of a series of stimuli to one of the 
intervals. If he does this a number of times, or if a group of subjects 
do the task wdth one complete sorting for each subject, then each 
stimulus will have a frequency distribution in the successive equal 
intervals. The scale value Sj of each stimulus is the mean of its dis- 
tribution, and the standard deviation aj is called the ambiguity of the 
stimulus as regards the attribute that is being appraised. 

A -well-known example of this method is the Sanford W' eight experi- 
ment [7, p. 154]. Some envelopes are -weighted so as to represent a 
fairly wide range. The subject is instructed to sort the envelopes into 
five piles, so that the successive piles seem to be equally spaced. 
When all the subjects have done this task, the mean scale position 
Sj can be determined for each envelope. Fechner^s law can then be 
tested by plotting the scale positions Sj against the corresponding 
weights Rj in grams. The plot is usually logarithmic. 

The method of equal appearing intervals has a methodological 
limitation in that it does not provide a test of internal consistency, 
as in the method of paired comparison. It has been found that, when 
the scale values obtained by the method of paired comparison are 
compared with those of the method of equal appearing intervals, there 
is a discrepancy, especially toward the ends of the scale, and this has 
been called the end effect. Since the method of paired comparison has 
a check of internal consistency, and since it agrees well with the 
method of rank order (to be described) , it is assumed that the dis- 
tortion of the end effect can be attributed to the method of equal 
appearing intervals [9]. The method is used in experiments where 
it is sufficient to have approximate estimates of subjective values. 
The subject easily understands this method, and the task for a long 
stimulus series can be completed in a relatively short time. The 
method of mean gradation, which has been described, is a special case 
of the method of equal appearing intervals because the total subjective 
interval between two stimuli is there merely bisected. 

For the purpose of appraising some types of educational results, 
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there have been constructed a number of product scales. Such a scale 
consists of a graduated secjuence of specimens which represent suc- 
cessive degrees of general excellence. Examples are the appraisal of 
general excellence of handwriting [17], freehand lettering, English 
compositions [10], and some types of shop work. Although judg- 
ments of this kind are frequently made with some confidence and 
consistency, the judges usually find it difiicult to identify the objective 
components that determine their total appraisal. The construction 
of a handwriting scale will be used as an example of this type of 
psychophysical problem. 

In the construction of a handwriting scale, one starts with a large 
collection of handwriting specimens. The subjects who participate in 
the construction of the scale sort the specimens into a series of, say, 
ten subjectively equal intervals. On the basis of such experimental 
data, the mean scale value of each handwriting specimen can be 
readily determined. Those specimens which have unusually large 
dispersions are eliminated because they are the ones about which the 
judges disagree as to general excellence. From the remainder, one 
can select an evenly graduated sequence of specimens to constitute 
a descriptive scale for judging general excellence of handwriting [17]. 
Each specimen that is to be appraised is then described by the number 
of the standard to which it is equated. 


Method of Successive Intervals 

In the method of equal appearing intervals, the subject is asked 
to sort the stimuli into intervals that are subjectively equal. Even 
though the subject does not realize it, this task is difficult. The 
intervals toward the ends of the scale tend to become subjectively 
larger than the intervals in the middle range. This end effect is 
caused partly by the fact that the total subjective range tends to 
shift during the sorting procedure. The method of successive intervals 
is experimentally similar to the method of equal appearing intervals. 
The subject is asked to make the intervals successive but not neces- 
sarily subjectively equal. The successive intervals may be denoted 
merely by successive numerals, or they may be defined by descriptive 
terms or phrases whose successive character is readily admitted by 
the subject at the start of the experiment. By this simple experi- 
mental method, the scale values S and the discriminal dispersions <r 
may be determined for the stimuli. The method is especially useful in 
studies of consumer jireferences which involve judgments of a large 
number of forms of a product. 

145 


Method of Rank Order 

When the subject has arranged a set of stiiiiiili in rank order accord- 
ing to any designated attribute, we do not' have enough information 
to transform the rank orders into psychological measurement. When 
the number of stimuli is quite large, the rank orders are sometimes 
transmuted into a scale, on the assumption that the group of stimuli 
represent a normal distribution in the designated attribute. For 
any given set of numbers, or rank orders, it is always possible to define 
a scale quite arbitrarily, so that the given set of numbers, or rank 
orders, represents a normal distribution on that scale. But nothing is 
proved by doing it. 

When a group of subjects has placed a set of stimuli in rank order, 
we can determine, for each pair of stimuli, the proportion of judges 
who ranked one higher than the other. If a subject placed four 
stimuli in the rank order B, D, A, C, then we can extract for him six 
separate comparative judgments. In each of the six following judg- 
ments, the first is ranked higher than the second. We have then BD, 
BA, BC, DA, DC, AC. If these judgments are tabulated for all sub- 
jects, we can determine the proportion of judgments higher than 
for every pair of stimuli. With these data we can proceed with the 
method of paired comparison [21], The method of paired comparison 
is theoretically superior to the method of rank order, but rank order 
is experimentally much easier for the subject and in general less 
fatiguing. Comparison has been made of these two methods when 
the same subjects rated handwriting specimens in pairs and also in 
rank order. The agreement was found by Kate Hevner to be very 
close [9], 


Method of Single Stimuli 

In most psychophysical methods there is a preference for the judg- 
ment of a stimulus in direct comparison with another stimulus or with 
a group of stimuli. In the method of single stimuli, however, the 
subject gives a descriptive rating of each presented stimulus [2, 25]. 
He is asked to say for each stimulus whether it seems large or small, 
or he is asked to apply one of several descriptive words to each stimu- 
lus. In this method the subject must keep in mind his own standard. 
It has been found that this standard tends toward the average of the 
presented stimulus series. The method of single stimuli can be varied, 
and in one of its forms it becomes similar to the method of successive 
intervals. The method of single stimuli does not ordinarily imply 
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the calculation of scale values and dispersions, as in the method of 
successive intervals. The method is sometimes called the method of 

absolute judgment. 


Method of Judgment Time 

In earlier psychophysical studies it was found that the time for 
discriminatory judgment was longest for the most difficult comparisons 
where the physical differences were smallest. If judgment time is 
plotted against physical stimulus difference, the result is a falling 
curve that approaches reaction time as an asymptote. It is possible to 
use this relation inversely, so that the psychological difference is 
inferred from the average response time [3, 16] . The relation must be 
calibrated for each type of stimulus. 

The negative relation between physical stimulus difference and 
response time is of some general interest. It is conceivable, for 
example, that individual differences in this curve may be of significance 
in judging the temperament of the subject. Some subjects retard 
conspicuously in judgment time when the physical difference becomes 
small and hence more difficult. This psychophysical relation may be 
characteristic of subjects who have difficulty in making up their minds. 

In learning experiments it is customary to use the number of correct 
responses for each trial as a numerical index of learning. Complete 
learning is then indicated by a perfect score within the time limit 
allowed for each association. The method of response time can be 
used for measuring overlearning. If learning continues after perfect 
scores are obtained, the additional learning can be easily shown in 
terms of the continued reduction in response time, which becomes then 
an index of overlearning. It is to be expected that the rate of forget- 
ting will be affected by the amount of overlearning beyond the first 
perfect response. 

The development of psychological test theory has unfortunately 
been separate from that of psychophysics, in spite of the fact that 
many of the underlying concepts* are similar or identical. This has 
been due to the fact that the two branches of psychological research 
have been carried out by different groups of men. In the psycho- 
physical method of response time, we have one of many examples of 
the close relation between psychophysics and test theory. The ability 
of a subject to do a certain kind of task is frequently indicated by 
the speed with which he can do it, and the difficulty of a task is some- 
times arbitrarily defined so that the distribution of ability in the 
population is normal. The power score of an individual as regards a 
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certain kind of task is that degree of difficulty of task which he can 
do without pressure of time, but all experimental procedures must 
be finite in time allowances. 


APPLICATIONS OF THE PSYCHOPHYSICAL METHODS 
Measurement of Affective Attitudes 

An attitude represents a restriction of some kind in the manner in 
which an object is regarded. In dealing with social attitudes we con- 
sider primarily the afectwe toward debatable issues. For 

the purposes of measuring affective social attitudes, we postulate an 
affective continuum with a neutral point. Positive affect represents 
appetition or favorable attitude toward a, psychological object , which 
may be any object, person, or idea. Negative affect represents aver- 
sion or unfavorable attitude toward the psychological object in 
ciuestion. The purpose of attitude measurement is to assign each 
individual to this affective continuum, as regards his positive or 
negative attitude tow^ard a specified psychological obj ect X. 

We limit ourselves in the present case to those psychological objects 
about which a person can express approval or disapproval in various 
degrees of intensity, which are represented by his position on the 
affective continuum. If we vrant to know how strongly a man feels 
for or against some psychological object X, we can proceed in several 
ways. We can ask him, and then note the strength of his free expres- 
sion for or against X. We can watch his overt actions in relation to 
X, or we can present him with a list of statements of various degrees 
of intensity of affect for and against X to see which he endorses. 
Such a list is an attitude scale. The separate statements are called 
opimons, but our interest may be to determine the person’s strength of 
approval or disapproval of X, which we call his attitude, rather than 
merely to tabulate endorsements and rejections of separate opinions. 

The construction of an attitude scale starts with the name, phrase, 
or symbol which constitutes the psychological object. This object 
must he something about which people debate quite freely. A rather 
long list of opinions is then collected so as to include various degrees 
of both positive and negative affect about X, as well as neutral 
opinions. A group of readers sorts the opinions by the method of 
equal appearing intervals or the method of successive intervals. 
These readers are told merely to consider the question, “How strongly 
do you think somebody would feel for or against X if you heard him 
make this statement?” It should be specially noted that the opinions 
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of the readers themselves have nothing to do with the case. They 
are asked merely to consider where somebody else who made these 
statements would be on the affective continuum. The main require- 
ment for the readers is therefore that they be able to read English. 

With data of this kind one can determine the scale value Sj and the 
dispersion nj for each opinion. The opinions with large dispersion 
are eliminated because they contain some ambiguity as to affective 
meaning. From the remaining opinions, an equally graduated sequence 
is selected to constitute an attitude scale. The score of an individual 
who records his own responses on such a scale is intended to represent 
the strength of affective attitude toward the psychological object X. 
Within the limitations of the psychophysical method used, the intervals 
of such a scale can be regarded as roughly equal. With a schedule 
of this kind, it is possible to construct a frequency distribution of 
affective attitude toward a specified object for a given group of sub- 
jects. It is then legitimate to inquire about the shape of this distribu- 
tion of affect. At the beginning of a political campaign this dis- 
tribution may be unimodal, but during the course of the campaign 
it may be expected that the distribution of attitude becomes bimodal, 
especially if the issues are hotly debated. Psychophysical problems 
of general interest are involved here. 

Many attitude scales have been constructed, and their interpreta- 
tions have been frequently debated. One of the recurring issues is 
whether a man’s overt behavior is a better guide to his attitude than 
what he says on an attitude scale. It is sometimes supposed that overt 
conduct is the criterion against which an attitude scale must be vali- 
dated, but this is erroneous. If we really want to know how a man 
feels about some debated question, then the best procedure is probably 
to learn what he says to his intimate friends when he is not publicly 
observed or quoted. His overt actions may be guided by adminis- 
trative, social, or political expediency. What he says on an attitude 
schedule may, similarly, be determined by the personalities of the 
examiners and onlookers and those who might quote him. Both these 
indices are fallible if the issue is at all critical. Even when the verbal 
and overt indices agree, they may both be wrong. In general, it is 
probably easier for people to express their likes and dislikes verbally 
than to commit themselves to the corresponding overt acts. Attitude 
schedules can be used with confidence only in those situations where 
there is no strong pressure, explicit or implied, to influence verbal 
expression. Occasionally a man expresses himself with apparent free- 
dom even when he is in a conspicuous minority, but all studies in this 
field must be interpreted with due regard to the social pressures that 
influence both verbal expression and overt conduct. 



The question has been raised whether an attitude scale, considered 
as a psychological measuring device, is itself influenced by the opinions 
of the readers who determined the scale values of the opinions by 
sorting them. If this should be the case, then the interpretation of 
the resulting frequency distributions of attitude scores would be 
limited by the characteristics of the standardizing group of readers. A 
collection of opinions about the Negro was sorted independently by 
three groups of subjects: a group of northern whites, a group of 
northern Negroes, and a group of southern Negroes. The three result- 
ing attitude scales were linearly related, and they differed only in the 
allocation of the neutral point. An attitude which was considered by 
the northern whites to be neutral in affect was considered by the 
Negroes to be slightly negative. This displacement of the neutral 
point was predicted. The frequency distributions of attitude obtained 
from the three scales were the same except for the origin [11]. 


Measurement of Effects of Propaganda 

For many problems in social attitudes it is sufficient merely to count 
the relative frequencies of endorsement of particular propositions or 



Fig. 10. Frequency distributions of scores on o measure of attitude toward 

the Negro. 


opinions before and after presentation of propaganda material. For 
such problems the scaling of attitudes is not necessary. On the other 
hand, if it is desired to describe the shift in a frequency distribution 
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of attitudes wiiicli is caused by propaganda, a metric is required, and 
an attitude schedule is then indicated.^ 



Fig* 1 1. Two sets of scale values for seriousness of offenses. 


Many experiments have been made to study quantitatively the 
effects of propaganda. One experimental method is to compare the 
attitude scores on a schedule before and after presentation of propa- 

4 A distinction should be noted between and schedules. A test is a device 
for appraising an individual in respect to some attribute, and it is implied that 
the subject does not have voluntary control over the appraisal An attitude 
scale is not a test in any sense because the subject is in complete control of the 
responses. Similarly, personality schedules and interest schedules should not 
be called tests. 
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ganda material. Figure 10 shows the frequency distribution of scores 
oh a schedule of attitude toward the Negro. The high school students 
who participated saw the film “Birth of a Nation” at a local theater. 
A few days after seeing the film, they were given a parallel form of the 
.same scliedule. After 5 months they were given a third schedule on 
the same issue. The figure shows the striking effect of this film in 
making the students less friendly toward Negroes. Tlie third dis- 
tribution shows that only half of the effect had worn off after 5 months. 
The three m’s refer to the means obtained. Experiments have demon- 



Unfavorable Favorable 

Attitude toward the Chinese 

Fig, 12. Distributions of ofFective judgments toward Chinese, before and 
after seeing a moving picture. 

strated a summation effect with several films. AVhen a single film was 
inadequate to demonstrate a statistically significant shift in attitude, 
a sequence of several such films showed a significant summation 
effect [23]. 

The paired-comparison method is probably more sensitive in meas- 
uring shifts in attitude than the attitude scales. Figure 11 shows 
two sets of scale values for seriousness of offenses. These offenses 
were presented in pairs, with instruction to check one of each pair to 
indicate which was the more serious. Two such schedules were pre- 
sented, one before and one after the presentation of a film depicting 
the life of a gambler. The problem was to ascertain the effect of the 
film on the attitudes of school children toward gamblers. It can be 
seen in the figure that the only significant shift in scale value was that 
of “gambler.” This experimental audience of school children con- 
sidered gambling to be more serious after seeing the film. Similar 
experiments have been made to determine the effect of films on the 
international attitudes of student audiences. Figure 12 shows the 
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effect of a film in making the student audience more friendly toward 
the Chinese. 
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Fig. 13. Shifts in international attitudes by three newspapers during a period 
covering World War 1. 

The psychophysical methods can be adapted as a historical nictliod. 
A tabulation was made of editorial comments about Germany and 







about France for the period 1910 to 1930. These were sorted by a 
group of readers, as in the construction of an attitude scale. Mean 
scale values were then plotted against time in order to ascertain the 
shift in attitude, as represented editorially, during the 20-year period, 
which included World War I. Figure 13 shows the shifting attitudes 
toward Germany and France before and during ‘this war, as well as 
the gradual recovery of prewar attitudes after its conclusion. It has 
been suggested that such shifts in international attitudes be used as a 
sort of barometer of impending crises. A similar psychophysical 
study was made of Chinese editorial attitudes toward the Japanese, 
and vice versa, before those countries were at war [15]. 


The Prediction of Choice 

So far we have been concerned with the problem of allocating each 
stimulus to the subjective continuum with regard to a specified attri- 
bute. In the simplest case, such as that of lifted weights, the physical 
measure of weight is easily ascertained for each stimulus. In more 
complex situations there is no known physical measure to represent 
the attribute completely. Such a case is that of handwriting excel- 
lence, which can be judged with some confidence but cannot be readily 
measured in physical terms. In still more complex cases, the attribute 
to be judged has no available physical measure. An example is affec- 
tive or preferential judgments about moral and aesthetic values. The 
law of comparative judgment enables us to allocate a stimulus to the 
subjective continuum quite independently of whether there exists any 
physical measure at all. 

We turn now to the obverse psychophysical problem. The obverse 
problem is to predict what people will do in terms of the affective 
scale values and dispersions of the stimuli. When the scale values 
and dispersions are known for several competing psychological objects, 
what proportion of the population will then vote for a particular 
object as their first choice? This is a new and fascinating field for 
theoretical and experimental inquiry. The obverse problem will be 
introduced with an example. 

Consider a group of six candidates who are competing for elective 
office, and assume that their popularities are exactly the same, namely, 
8 }. Assume, further, that candidate A does or says something for 
which half of the electors dislike him, and the other half like him, so 
that his discriminal dispersion becomes much larger than that of the 
other candidates, who will be assumed, in this hypothetical example, 
to have negligible dispersions. If all the candidates retain the same 
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average popularity, then a paired comparison schedule of preferences 
would show proportions of 0.50 for all possible pairs of candidates. 
From such a table one might infer that the candidates would divide 
the votes evenly, but such is not the case. At election the more vari- 
able candidate would draw half of the votes, and the other candidates 
would draw only 10 per cent each. Hence the more variable candidate 
would get the plurality. When a tie threatens between two candidates 
who are equally popular, it can be shown that the more variable can- 
didate can win the plurality by introducing a third candidate, even if 
the new candidate is less popular than either of the first two. It seems 
likely that this principle is known to practical politicians [22]. 



Fig. 14. Booth in psychophysical laboratory for taste experiments in the 
Quartermaster Food and Container Institute for the Armed Forces in Chicago. 

(This photograph was taken by Dr. Franklin W. Dove, Chief, Food Acceptance_^Researdi Branch of 
the institute.) 

In the study of consumer preferences the nianufacturer is inter- 
ested in pleasing every consumer. If a number of commodities or 
designs are submitted to consumers for rating, the scale value and 
the dispersion can be determined for each commodity or design. If 
it is desired to select, say, ten designs for the market, it would be an 
error to select the designs with the ten highest scale values. To do so 
might please some people with several designs each, and leave the rest 
dissatisfied. The designs should be chosen so as to maximize the 
number of first choices, which are determined partly by the scale 
values and dispersions and also by the correlations of affective values 
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among the designs. This psychophysical problem can be solved with 
the method of successive intervals. 

Ill the manufacture of food products, it has been found that human 
subjects can identify and reject food by criteria that escape chemical 
and bacteriological tests. It is for this reason that the United States 
Army has established a food acceptance laboratory for making taste 
comparisons of food products. Figure 14 shows one of the booths in 
this psychophysical laboratory. The color of the food specimens can 
be controlled by color filters. Food products are here studied in 
formal taste comparisons to determine their relative acceptability for 
different ingredients, duration and temperature of storage, and various 
containers. 

CONCLUSION 

This chapter on psychophysical methods introduces the section of 
this book which is devoted to the methods of studying perceptual and 
sensory phenomena. In reading these later chapters the student will 
find many references to psychophysics, a discipline which is funda- 
mental to the problem of measurement in psychology. 

The basic concepts of measuring subjective phenomena have been 
treated with descriptions of the major and representative methods 
of classical psychophysics. In the section on applications it has been 
pointed out that the psychophysical methods transcend the older fields 
to which they have been applied, and that they have become powerful 
tools in the solution of important problems in political and social 
behavior, as well as in merchandising and market research. 
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Chapter 6 


Studying Perceptual Phenomena 


James J. Gibson^ 


Every student of psychology knows that his awareness of the world 
is completely dependent on the activity of his sense organs, although 
sometimes he does not realize that this is a startling fact and not a 
commonplace one. He tends to take for granted the familiar wmrld 
which he sees before him, not realizing that in all its aspects and in 
every detail it is apprehended only because his sense organs are 
functioning, and that if these functions failed for any reason, so also 
would his awareness of the world. 

The succeeding chapters will describe the study of the sensory 
mechanisms which make possible this apprehension of the environment. 
It is obvious, however, that these mechanisms do not fully account for 
the experience of the concrete world. The world is a good deal more 
than a matter of colors and sounds, of warms and colds, of tastes and 
smells and feelings. It is also a matter of surfaces and shapes and 
distances and objects, not to mention friends and sunsets and symbols 
and nations. How does the organism come to be aware of these 
concrete and significant things, as distinguished from the more 
abstiact and unfamiliar ones with which sensory psychology is con- 
cerned? Such features of the world are traditionally classified as 
perceptions rather than sensations, and it is with the investigation 

of these that the present chapter deals. 


SENSATION AND PERCEPTION 

A generation ago it was still possible to teach a fairly simple doctrine 
of the relation between sensation and perception. The experienced 
world was thought to be built up out of elementary sensations sup- 
plemented by images of past elementary sensations. A perception, 
1 Associate Professor of Psychology, Smith College. ’ 
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theiij was a complex of elementary processes, combined or fused in 
some way not wholly understood, and logically distinct from the 
elements which made it up. This distinction has been overthrown in 
recent years. It has become clear to most psychologists that there is 
no way of deciding whether a given experience is elementary. The 
conception of elementary units of mind, therefore, has been abandoned 
for the more defensible notion of dimensions of variation of experience. 
In strict accuracy, one should no longer speak of sensations but of 
modes of discrimination, or variables with respect to which an experi- 
ence is characterized and specified. These experience variables include 
perceptions as well as sensations. It thus becomes an arbitrary 
matter whether a given type of experience is classified as sensory or 
as perceptual, since the chief logical basis for the earlier meaning of 
these terms has disappeared. When the variable can be shown to 
correspond with a stimulus variation of physics, as hue and wave 
length can be shown to correspond, it is usually considered a sensory 
variable. When the variable in question corresponds with a complex 
variation of the physical stimulus, or when the stimulus is not meas- 
urable, it is apt to be considered perceptual. 

Instead of the doctrine tliat the phenomenal world is built up 
out of sensations and images by a process of combination, Gestalt 
psychologists propose the theory that sensory processes organize them- 
selves spontaneously into higher-order processes at the level of the 
cerebral cortex and produce physiological events which are funda- 
mentally like the perceptions which it is necessary to explain. Per- 
ception results from neural organization in the brain. According to 
this theory also, the distinction between sensation and perception 
disappears and is replaced by levels of organization. The relation 
between sensory and perceptual phenomena, we may conclude, is very 
close, and the difference between them is not in kind of function but 
in degree. 


Psychophysics and Psychophysiology 

The explanation of how we perceive the world must ultimately 
include a physiological theory of perception, a theory of the corre- 
spondence between the experience and the neural process. The effort 
to find out what goes on in the nervous system has been called 
psychophysiology. It may be studied in two ways. One mode of 
approach is by working backward from the properties of experience 
to the probable properties of the underlying physiology, as the Gestalt 
psychologists have done. This is a speculative approach. Instead, 
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one may study the neural events directly and experimentally. The 
techniques for this study are described in Chapter 15. 

The study of the correspondence between the experience and the 
stimulus, without reference to the intermediate physiological stage, is 
a much older and better established field of research. It is tradition- 
ally called psychophysics, and its methods have led to the accumulation 
of a vast amount of evidence about the sensory eapacitie.s of man and 
the dimensions with respect to wdiich he can discriminate the world. 
(See Chapter 5.) The predominant methods of studying vision, 
hearing, and the other special senses are the psychophysical methods. 

One might suppose that this concentration of sensory research on 
the correspondence between the experience and the stimulus would also 
be reflected in the study of perception, but such is not the case. 
Because of the complexity of the stimuli for perception, because of 
the difficulty of measuring and controlling them (the stimuli for the 
perception of distance are an example) , and because they are in some 
cases not even identifiable in our present state of knowledge, experi- 
mental research on perception has been diverted from the psychophysi- 
cal relationship in the direction of other problems. As a result there is 
a preponderance of experiments on the effect of learning on perception, 
the effect of attitude on perception, and on the question of whether 
perception can be accounted for by the theory of sensory organization. 
Now it will probably be readily admitted that the stimuli for per- 
ception, however complex they may be, must be identified before the 
further problem can be solved of what the organism “contributes to” 
these excitations. The organism may be imagined to organize the 
stimulus excitations, to transform them, or, in naive terminology, to 
interpret them, but in any event the stimuli should first be discovered 
and specified. To the extent that a psychophysical correspondence 
can be established between the perception and some complex order of 
stimulus variable, it will not be necessary to postulate special processes 
of interpretation or transformation or special laws of sensory organi- 
zation. If it is no longer believed that sensations are the elements 
or the data of experience and that perception is the result merely of 
combining or interpreting these data, then the first problem in per- 
ception is to look for the stimuli. 

For these reasons attention will be devoted in this chapter primarily 
to the study of the psychophysical relationship in perception. Experi- 
ments of this type should be understood by the student because, in the 
judgment of the writer, they promise the greatest immediate advance- 
ment of our knowledge of how we perceive the world. 
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The Major Perceptual Problems 

If we assume that the psychophysical relationship is the primary 
one in the study of perception, the task of the expenmenter is straight- 
forward. He mast first describe the perceptions to be studied, then 
identify their stimulus correlates, and finally set tip a relationship 
between the two. As we shall see, he may not, be able fully to eoin- 
plete this program. What, for example, is the stimulus correlate for 
the perception of beautiful Amrsus ugly? It would be a bold investi- 
gator who would undertake to answer this question. But if he should 
do so, there are ways in which he can proceed. Even though he 
cannot identify the stimulus correlate, he can systematically obtain 
descriptions of the experience, he can vary the objects which carry 
the stimulus, e.g., drawings or abstract patterns, in as many \vays 
as he can immnt, and he may then be able to guess what the stimulus 
correlate might be, e.g,, the ratio of ‘hrder^^ to ^^complexity” in the 
drawing. Such a ratio has been proposed by Birkhoff [2] as the 
essential ^^stimulus” for esthetic quality. 

Some of the principal classes or types of perception whicli may be 
experimentally treated in this way are listed below. The list is chosen 
almost entirely from the field of visual perception, and the classifi- 
cation is tentative. It will, however, exemplify the writer^s opinion 
of what the primary problems of perception are, and will serve as a 
list of the fields from which experiments will be selected to illustrate 
the important methods of studying perception. 

1. The perception of visual form in two dimensions: lines, contours, 
and objects, 

2. The perception of a three-dimensional world: distance and depth. 

3. The perception of objectWe color, size, and shape in relation to 
their retinal counterparts, i.e., constancy of object perception. 

4. The perception of visual motion and locomotion. 

5. The perception of meaning and of symbols. 

6. Social perception. 


METHODS FOR THE STUDY OF PERCEPTION 

The primary method of studying experience, like the method of 
studying behavior, is systematic observation. In the study of experi- 
ence, observation is called introspection. Although the proposition has 
sometimes been denied, the observation of experience is not basically 
different from the observation of objective events, as Boring has 
shown [3]. Introspection is a necessary preliminary step to the 
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setting up of psychophysical relationships; it defines the perception 
to be studied and may lead to the identification of its stimulus 
correlate. 

The classical psychophysical methods are another fundamental pro- 
cedure in studying perceptual experience. The experiment is usually 
more formalized than in simple introspection, and two persons are 
generally involved, the experimenter and the subject or observer. The 
experimenter manipulates the stimuli, and the subject makes discrim- 
inative judgments or reports. As we shall see, however, the more exact 
psychophysical methods are not applicable if the perception to be 
studied, e.g., geometrical shape, cannot be arranged on a scale or 
dimension. Forms, patterns, or Gestalten can be judged in various 
ways, but the triangularity of a triangle does not vary from more to 
less in the way that size or brightness does. Consequently, another 
discriminative method, such as the method of reproduction or of non- 
serial matching, must be employed in the study of such perception. 
The three kinds of method will be discussed in order. 


Systematic Observation or Introspection 

There is nothing in the least erudite or mysterious in the examina- 
tion of one’s own experiences, despite the popular belief to the contrary, 
and introspection is as valuable to the contemporary student as 
it ever was. Like other forms of scientific observation, it may be 
formalized in an experimental situation or performed in natural or 
semicontrolled situations. There are at least five different types of 
observation which may be classified as introspection. 

1. Analyzing the Stimulus Situation, Introspection may con- 
sist of looking for psychophysical correspondence in the course of 
ordinary experience. Some of the most acute observations in psy- 
chology have been of this type. Leonardo da Vinci, for example, 
discovered that “aerial perspective” was a cue for the perception of 
distance by noting that buildings of the same objective color appeared 
successively bluer as their distance increased, particularly on a hazy 
day. 

2. Listing THE Attributes of an Experience. Introspection 
may involve the sorting and arranging of stimulus objects according 
to their discriminable features. The intention is to discover the 
attributes of an experience or its different modes of variation. For 
example, the colors of the visual world may be serially arranged on 
the dimensions (scales) of hue, brightness, and saturation. Quality 
and intensity in the various senses have long since been schematized 
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in this way, the color cone (page 208) being a familiar example. 
Perceptual qualities may also be classified and serially arranged, but 
they seldom fall into quite such neat schemata as these. 

3. Observing the Effect of Systematic Variation of the 
Stimulus. When an experimenter suspects that he can isolate an 
unfamiliar perceptual property, he may use whatever means are at 
hand to vary the stimulus object or situation systematically and then 
observe whether there results a variation in the perception. He may 
try it on himself or bring in another observer. He may use only the 
simplest technique of varying the stimulus, or he may build an elabo- 
rate apparatus for controlling it experimentally. In any event he is 
seeking to correlate a property of the perception with some feature 
of the stimulus. Up to this point his method would be called intro- 
spection, but if he observes a relationship, the same procedure can 
be turned into a psychophysical experiment. An example may be 
found in studying the property which objects possess of being visually 
u'pright: More specifically, any elongated object is oriented in the 
visual field; i.e., it has the quality of being vertical or horizontal or 
tilted. So far, the introspection is scarcely above the commonsense 
level. The experimenter may now draw a vertical visual line and 
rotate it about its midpoint. He observes a perceptual variable which 
he calls “tilt quality’’ or, more accurately, two opposed qualities 
denotable as inclination-to-the-right and inclination-to-the-left. Both 
qualities vanish into a unique quality when the line is vertical, and 
both increase wdth deviation from the vertical. When the line is 
rotated more than 45 degrees, a new set of qualities emerges, analogous 
to that described but based on deviations from the horizontal The 
experimenter now can construct an apparatus and carry out a full- 
fledged psychophysical experiment to investigate the series of inter- 
related qualities. 

4. Analysis op the Content op Consciousness. Introspection 
of still another type may consist of the analysis of a single, usually 
momentary, perception into its discriminable features. The aim is 
to describe them exhaustively. The familiar example is reporting the 
experience of tasting lemonade. This experience consists mainly of 
the qualities of sour, sweet, cold, and touch, with the addition of smell 
and other minor accompaniments. Such introspection requires the 
observer to report in terms of accepted sensory variables, which are 
then likely to be thought of as elements. It aims to describe the 
content of consciousness, without reference to the stimulus correlate 
(the “stimulus error”), and is in method unlike a psychophysical 
experiment. It is no longer in such common use as it was in the 
laboratory of E. B. Titchener, 
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5. Description of “Organized” Experiences. The type of intro- 
spection favored by Gestalt psychologists is also concerned with the 
content of consciousness rather than its correspondence to stimuli, but 
the description is not given in terms of orthodox sensory attributes 
or qualities. It is sometimes said to be observation on a “phenomeno- 
logical” level. The important feature of a form or a melody is lost 
if the perception is analyzed; observation should therefore be directed 
to the form or organization of a perception rather than its elements 
or dimensions of variation. This type of introspection has led to 
the description of a number of types of perception which had been 
neglected by the older introspectionists and which now constitute some 
of the chief problems in perceptual psychology. Examples are con- 
tour, shape, and surface quality. The fact to be noted about these 
perceptions is that they are similar to things or entities rather than 
to variables or dimensions. Experimental variation of their stimulus 
correlates cannot be a continuous variation, and the Judgment of more 
or less on a scale of quality or intensity is not possible. The experi- 
mental methods of studying these phenomena are therefore somewh'at 
different from those by w'hich one studies dimensional perceptions. 


The Psychophysical Methods 

Introspective observation, as we have seen, may lead directly into 
a psychophysical experiment. The classical methods of psychophysics 
although invented for the study of sensory discriminations, are equally 
applicable to discriminations called perceptual. One may study the 
“tilt-quality” of a line or the speed of visual movement or the appar- 
ent intelligence of persons as represented by photographs in the same 
way that he may study the intensity or quality of color. The only 
requirement for the application of these methods is that the phenome- 
non to which they are applied must exist in some magnitude, or be 
such that it can be scaled on a dimension. As we have seen some 
of the phenomena of perception do not fulfill this condition, or at least 
cannot at present be shown to do so. Although it has been said that 
everything which exists, exists in some quantity,” the triangularity 
01 a triangle has as yet not been quantified. 

The psychophysical methods of dealing with sensory or perceptual 
variables arc discussed in Chapter 5 . It is therefore necessary in this 
chapter to emphasize the experimental methods employed when the 
critical aspect of the stimulus being studied is patterned or configura- 
tional. These methods are of course psychophysical in the sense that 
what is investigated is the relation between the stimulus pattern and 
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the perception, but they are not based upon the logic of contimioiis 
variables. 


Noo-quontitafive and Semiquantrtative Psychophysical Methods 

Suppose that an experimenter has isolated and presented some 
configurational stimulus to an observer. What response can tlie 
observer make (other than describing it in words) if we exclude 
judging it as more or less than its variations? The response must be 
such as to prove that he can discriminate it. The possibilities seem 
to be as follows. He can (a) report the having or not having of a 
perception; (6) reproduce or construct or represent it (e.g., with a 
pencil and paper) ; or finally (c) judge it as ‘‘same” or “different” in 
comparison with another stimulus (although he cannot specify what 
the difference is), i.e., he can match it with another stimulus. 

For example, if a visual pattern is shown to the observer under one 
of a numbeFof conditions which reduce its ‘‘visibility,” as is done in 
visual-acuity experiments or experiments with very brief exposures, 
the observer may report either, “I see only a blur” or “I see a striped 
figure,” If the stimulus object actually was a striped figure, the 
experimenter has evidence of discrimination. Such reports may consist 
of any response which will serve to identify to the experimenter the 
perception by the observer. This simple procedure might be called 
the method of identification. If, however, the visual pattern to be 
investigated is such that it cannot be readily named, the experimenter 
may employ other criteria as evidence of discrimination. The 
observer can draw the pattern, or he can attempt to match it with 
one of a group (not a series) of two or more patterns. The former 
is a variant of the method of reproduction; the latter is the method 
of non-serial matching. By all three of these methods the experi- 
menter is enabled, first, to distinguish between “correct” perceptions 
and “errors” and, second, to count or otherwise evaluate the “errors.” 


Non-dimensional Modification of Patterned Stimuli 

The methods described above are the available modes of response 
of the observer to configurational stimuli. What expedients does the 
experimenter have for studying the relation between the stimulus 
pattern and the perception? When he cannot vary the stimulus in 
a serial fashion, he can modify the stimulus “situation” — the total 
complex of stimulation — in a number of ways. The common methods 
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of doing so when the aspect of the situation being studied is patterned 
are as follows. 

1. The Experiment of Reducing oe “Impoverishing” the Stim- 

iTLiiB Pattern. This is probably the method most frequently 
employed in studying visual perception. It may involve any of 
several techniques. The pattern may be exposed for only a short 
time interval; the brightness difference between the figure and its 
background may be reduced to a barely noticeable one; the figure may 
be reduced in size; or it may be presented to peripheral vision/ where 
form perception is weak as compared with that produced by direct 
fixation of the eyes. By all four of these methods a threshold is 
discoverable below which the observer cannot identify the figures. 
Moreover, it is found that, even when the figure is identifiable, it is 
seen (or reproduced or matched) more or less incorrectly and is experi- 
enced as more or less indefinite or unstable. Experiments on bright- 
ness discrimination and on visual acuity are of this type, depending 
as they do upon the seeing of some kind of a figure in the visual 
field, although the problems involved are conventionally classified as 
sensory rather than perceptual. (The student is referred to Chapter 
7 for an account of them.) When nonsense figures or meaningful forms 
are presented to an observer under reduced stimulation, interest is 
usually centered on the analysis of the errors made by the observer 
and the trends of these errors. The attempt is generally made to 
interpret these trends in terms of some special perceptual process of 
assimilation or organization. More recently, interest in the funda- 
mental problem of visual contour has arisen in connection with 
reduced stimulus experiments, and studies of the problem give promise 
of linking together the evidence regarding brightness perception, 
visual acuity, and form perception [15]. 

By far the most frequently used device in this type of experiment 
is the tachistoscope, which gets its name from the Greek words for 
^Very rapid” and “view”. Its purpose is to present an exposure field 
for a brief controllable duration; the techniciue of using it and the 
requirements of a good apparatus are discussed by Woodworth [17, 
p. 688]. The difference in brightness between a stimulus pattern and 
its background may be reduced by various devices for controlling 
illumination or for projecting an image of the stimulus through a 
rotating sectored disk. The method of reducing the stimulus pattern 
in size (or presenting it at a distance) and the method of exposing 
the stimulus in the periphery of the observer's visual field, although 
less used, are valuable and have the advantage of presenting fewer 
difficulties in the construction of apparatus. 

2. The Experiment op Presenting Indefinite or Ambiguous 
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Stimulus Patterns. It is possible to devise stimulus fields whicli, 
for reasons not thoroughly understood, are only partially patterned 
or configured. Natural stimuli of this sort occur in cloud patterns 
and on the inhomogeneous surfaces of plastered walls. The common- 
est artificial stimuli are ink blots possessing irregular contours and 
a random distribution of texture. As everyone knows, the onlooker 
tends to see ^^pictures” in these objects. Since the stimulus conditions 
for the perception of pattern or contour are present in such fields but 
ambiguous and unspecific, the patterns, shapes, objects, and meanings 
which do appear in perception may take any of a variety of directions. 
Many different shapes may arise from a single field of stimuli, depend- 
ing on the observer, or may arise for the same observer on different 
occasions. The responses which are made in this type of experiment 
obviously cannot be treated as correct or incorrect, and the experiment 
itself does not seek to establish a psychophysical correspondence. As 
applied, the method presupposes a non-relationship between the stimu- 
lus pattern and the perception; it is used instead to study individual 
differences among observers, since the attitudes and interests of the 
individual are assumed to determine what he perceives. This kind of 
perception is said to be ^^projectivef^ The use of the Rohrschach ink 
blots and of other projective methods is described in Chapter 18. 

The shapes seen in ink blots are nevertheless not entirely free from 
the influence of the ink blot itself. It is possible that further study of 
the indefinite and heterogeneous kind of stimulation which ink blots 
exemplify may reveal some of the stimulus conditions for the percep- 
tion of pattern and contour. 

3. The Experiment op Devising Reversible or Equivocal Stimu- 
lus Patterns. It is possible to construct visual stimulus fields 
which can be seen in only two ways instead of in many ways. These 
stimuli are not indefinite; they are clearly patterned, but the pattern- 
ing yields either one kind of perceived object or a wholly different 
kind usually incompatible with the first. Three examples are given 
in Fig. 1. In these illustrations the stimulus conditions, whatever 
they may be, for the perception of contour and solidity are balanced 
or pitted against one another. In the first, the '‘thing quality” may 
emerge either on one side of a line or on the other; in the third, the 
solidity may be visible in one part of the figure or in the other. In the 
second, the contours are such that they can produce either of two quite 
different shapes: the one being a young face looking away from the 
observer, and the other being an old face seen in profile. 

Are such figures merely psychological curiosities or simply demon- 
strations that attention may fluctuate or that perception cannot be 
explained by the stimulus pattern? Although they are often inter- 
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Fig. 1. Equivocal stimulus patterns. 


in A either a goblet or a pair of faces mo) 
be seen. When either object is formed ir 
perception, the remaining area of the picture 
recedes and becomes background. The latter 
is "formless,” i.e., seems to extend behind the 
object (Rubin [11].) fn B the "shaping” 
function of contour is again brought out; the 
ear of one face becomes the eye of the other, 
C of one become the nose of 

"mv wife anri mv *1 »* Other, etc. The artist entitled tihis picture 

the picture may be shaped in either of two ways; the solid portion of one staircase becoLs 
empty space in the reversed staircase. 

preted in this way, they are more properly to be considered percep- 
tual experiments which facilitate introspection, particularly of the 
phenomenological” kind. They are also the nearest approximation 
an experimenter can make to an experimental isolation of such proper- 
ties as contour, “thing quality,” and the other differences between an 
object and its background. Reversible figure-ground patterns do in 
a sense, isolate such properties. In the first place the properties 
become evident Ui observation, and in the second place the conditions 
or variables which underlie them, although at first obscure, become 
susceptible to study by systematically varying the equivocal figure. 

More generally, the method of devising artificial constellations of 
stimuli has proved extremely fruitful for the description of visual 
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pattern phenomena. It has been widely used by the Gestalt psycholo- 
gists both for that purpose and for the development of a theory of 
sensory organization considered as a physiological process. Like 
the method of ambiguous stimulus fields previously described, equivo- 
cal stimuli seem to imply a lack of relationship between stimulus and 
perception. If they are considered experiments rather than curiosities, 
how^ever, this conclusion need not follow, and the abstruse conditions 
which give rise to the perception of form and shape may be clarified by 
studying them. 

4. The Experiment of Rotating or Distorting the Retinal 
Projection. Physical objects and surfaces are projected as an 
image on the retina, in accordance wdth the laws of optics. From the 
neural processes initiated by this retinal image the organism discrimi- 
nates the physical object successfully and obtains his visual world 
of objects and surfaces. This projection on the retina may be changed 
in several ways by placing optical devices in front of the eyes, wdiere- 
upon the visual wurld is changed accordingly. The projection may 
be inverted, i.e., rotated 180 degrees, by a lens system; it may be 
tilted, i.e., rotated to a lesser degree, by totally reflecting right-angle 
prisms; or it may be displaced and differentially distorted by optome- 
trists' trial prisms [13, 7, 4], 

Most of these experiments have not proved to be highly illuminating 
with respect to our phenomenal experience of space, since, as a rule, 
the phenomenal wmrld simply appears to be modified in the expected 
fashion and to remain that way. The psychophysical correspondence 
betvreen the retina and the visual appearance of space does not seem 
to be affected by the changed projection of objects on the retina. The 
inverted world, for example, does not shift around in experience and 
look ^Tight side up," even after many hours of seeing it inverted. 
With respect to motor adjustments and orientation, howwer, a 
learning process occurs, and responses of localization and locomotion 
become adjusted to the new environment fairly rapidly. Along with 
this adjustment goes a decrease in the feeling of strangeness and 
unfamiliarity [13, 7]. 

There are some indications, however, that if the retinal projection 
is changed, not by being rotated or translated, but by being distorMdy 
as it is to some extent when prisms are worn like glasses in front of 
the eyes, the psychophysical correspondence between retina and visual 
space is modified and shifts so as to make the distorted retinal image 
correspond more nearly to the normal undistorted space. This shift 
is verified by the fact that there occurs an opposite distortion in the 
appearance of normal space when the prisms are removed — a distortion 
which itself wears off after a lapse of time [4] . It is possible that 
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other types of optical distortion, e.g., those produced by cylindrical 
lenses, would yield the same type of effects, but such experiments 
have not been reported. . 

5. The Expeeiment of Maintaining a Stimulus Image on the 
Same Retinal Akea foe a Prolonged ISiteeval. The eyes are 
normally never at rest except for momentary periods of fixation. The 
retinal image of the environment is constantly changing, the total 
pattern being shifted on the retina by extremely rapid movements of 
translation which correspond to the movements of the eyes from one 
fixation point to another. Pattern stimulation of the retina is there- 
fore of short duration in ordinary perception. It may be prolonged 
experimentally, however, by requiring the observer to fixate a stimulus 
field and to maintain fixation for a certain period of time. 

The results of this experiment, with respect to color and brightness 
stimulation in the fixated field, are well known. When illuminated 
surfaces are used, a colored form on a gray background slowly becomes 
less saturated; a black form becomes lighter and a wdiite form darker. 
The relation between stimulus and perception has changed with respect 
to the color variable. The change is such that in the stimulated area 
of the retina any new stimulation now evokes a color which is shifted 
in the direction of the complementary. This shift appears in per- 
ception as a negative afterimage. 

It is less well known, and only recently established, that in this 
fixation experiment there may be shifts other than that of color value 
in the psychophysical correspondence between the retinal pattern of 
stimulation and the perceived field. Forms do not, it is true, change 
shape in any noticeable degree, but single lines or contours appear to 
have the effect of modifying, within the localized area where the 
retinal image was made to persist, the perception of subsequent lines 
and contours. The writer discovered that a curved line appeared less 
curved in the course of continuous prolonged perception and that, 
when another line was substituted for it, i.e., projected on the same 
retinal area, the shape of the second line was modified with respect 
to curvature, a straight line, for example, looking curved in the oppo- 
site direction [5]. An analogous effect occurred if the lines of the 
experiment were, respectively, a tilted line and a vertical line; the 
negative aftereffect was one of tilt in the opposite direction. Kohler 
and Wallach [9] subsequently demonstrated certain aftereffects of 
fixating both line patterns and closed contour figures. The principal 
aftereffect of a fixated figure seemed to be to displace the contour of 
another figure away from its own (no longer present) contour, when 
the second figure was not congruent with the first but when its lines 
were not too far distant. An example is shown in Fig. 2. Both these 
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experiments demonstrate that the relation between retinal shape and 
seen shape may be modified under the influence of prolonged stimu- 
lation. The exploration of this influence, however, has only com- 
menced, and the method needs to be pursued by other investigators. 




Fig. 2. Displacement of a contour after fixation. 

The large circle labelled I is the “inspected figure”; the pair of circles labelled T is the “test figure.’* 
Each is drawn on a separate chart, the two being superimposed in this illustration. The small cross 
is the fixation mark, which is common to both charts. The /-figure is fixated by an observer for 
several minutes, and then the T-figure is substituted for it. The left-hand circle now appears smaller 
than the right-hand circle, although they are of identical size. 

The experiment of fixating printed words for long intervals at one 
time attracted the interest of experimenters. The reports indicated 
tliat the meaning of the word receded from the pattern and also that 
the word tended to fall apart into letters or letter groups. The study 
of meaning by this method, using a variety of objects as stimuli, for 
the most part remains to be carried out. 

APPLICATION TO SPECIFIC PROBLEMS IN THE 
PERCEIVING OF THE VISUAL WORLD 

The outstanding problems of perception, already listed tentatively 
on page 161, may now be taken up. The first three will be discussed 
from the point of view of the psychophysics of perception. Each of 
the remaining problems will be exemplified by a single experiment 
illustrating one of the methods already discussed. 

The Perception of Visual Form in Two Dimensions 

The environmental world, as perceived, consists in large part of 
objects or things. How, then, do we perceive them — ^why do things 
look as they do? This is a psychological problem of the first impor- 
tance, although its formulation has been historically delayed by the 
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theory that objects could be explained in experience as bundles of 
color sensations. Introspection directed toward the perception of 
objects as such reveals a set of properties which they possess inde- 
pendently of their color qualities. Such properties are line, contour, 
shape, emergence from the background, solidity, surface quality, and 
distance. For convenience, perceptions (or sensations) of line, contour, 
shape, and surface may be treated as two dimensional, the three- 
dimensional qualities being deferred for later consideration. Actually, 
as the Gestalt psychologists have emphasized, all these properties of 
the visual object are interdependent. The best systematic description 
of them is to be found in Koffka’s Principles of Gestalt Psychology [8] . 

The fundamental experiments on outline or contour are those of 
Rubin [11] . His method was simply observation and description of 
the phenomena. A typical experiment consisted of presenting the 
observer with an ingenious combination of two figures which shared 
a common contour. An example is the “goblet-faces” pattern already 
shown in Fig. 1. Rubin could not isolate the role of the contour by 
varying it independently of other properties of objects; what he could 
do was to isolate it by using the same line for the contours of two alter- 
native figures, the appearance of one figure obliterating the other. 
He could show that a visual object which is clearly seen at one moment 
may become non-existent a moment later when its contour is used by 
or attached to another visual object which was formerly merely the 
background. The functions of a contour in always possessing an 
“inside” and an “outside,” of acting in only one of these directions 
(inward) to produce a shape, and of making the shaped figure “stand 
out” from the unshaped background thus became open to observation. 
These phenomena may all be observed in Fig. 3. This apparently 
simple type of experiment, involving the balancing of visual conditions 
against one another, has been widely used in perceptual research. 

Werner [15] has pushed the study of contour formation one step 
further. His results appear to demonstrate that even a black disk 
on a white ground can be made invisible, the whole black area being 
obliterated and the color stimulation being nullified, if its contour is 
not given enough time to develop in perception. The disk was pre- 
sented tachistoscopically for a brief interval. If, then, a black ring 
was presented immediately afterward, whose inner contour registered 
exactly with the contour of the circular disk, nothing was seen but the 
ring. Presumably the loss of its contour to the ring inhibited the 
perception of the disk both as a figure and as an area of color 
stimulation. 

Presumably the stimulus correlate for the perception of an outline 
or a contour is an abrupt change of stimulation between adjacent 
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retinal areas. A gradual change of stimulation along the retinal 
surface may occur, but such a continuous gradient does not apparently 
produce a contour. As a hypothesis the suggestion may be made that 
retinal gradients of this continuous sort have the function of producing 
three-dimensional perceptions, which are to be discussed in the ne.xt 
section. The abrupt change of stimulation may be studied not only 
by the experiment of equivocal forms and the experiment of brief 
intervals of exposure but also by the psychophysical method of a Just 



Fig. 3. Balanced alternatives of figure and ground. 


Note how the oreas of the circle which constitute the ground seem to extend continuously behind 
the areas which constitute the figure. This is what is meant by saying that the ground is not “shaped/’ 

whereas the figure is. 

noticeable brightness difference. The study of brightness discrimina- 
tion and visual acuity employs this experimental method ; such studies 
are described in Chapter 7. All the evidence is consistent witli the 
conclusion that the discrimination of brightness and color, which 
involves the perception of area and shape, is dependent on the forma- 
tion of a contour in experience. Since it is also probable that the 
formation of a contour depends on an abrupt change in areal stimula- 
tion on the retina, such a change would seem to be the fundamental 
stimulus condition. 

The visual line, which may be produced artificially on man-made 
surfaces, can be used to represent the kind of contour which makes 

■ W-'b m ■■ 


possible object perception in the natural visual field. If the visual 
line does not return on itself— is not “closed”— it becomes an isolated 
stimulus element, separated from its shape-producing function as a 
contour. Its stimulus is a double change in retinal stimulation, the 
two changes being adjacent to one another, if the line is sufBciently 
thin, and in opposite directions. The retina is very sensitive to such 
changes, as the research on visual acuity shows. The visual line, as 
such, has received some investigation and deserves more. In contra- 
distinction to most of the properties of form and shape, which cannot 
be arranged on dimensions, the qualities of an isolated line can be 
scaled and therefore studied by quantitative psychophysical methods. 
Every student of calculus knows that a line (or a curve) can be 
analyzed mathematically, i.e., measured. The perceptual qualities 
of a line, or any chosen segment of it, are its direction (upright, tilted, 
or horizontal) and its quality of being straight, concave, or convex. 
The latter property might be called “curvature quality.” The mathe- 
matician speaks correspondingly of the slope and the rate of change 
of slope of the curve. The writer has shown [5] that these two 
qualitative dimensions are akin to other kinds of sensory dimensions. 
Not only are they introspectively simple, they also manifest adaptation 
with negative aftereffect, which is characteristic of supposedly more 
“elementary” qualities of the world, like temperature and color. It 
seems possible that further introspective and psychophysical study of 
simple lines may help to explain how the contour produces the visual 
shape of objects and things. 

Experiments on the perception of surface, or surface quality, have 
gone no farther than to establish the existence of this property of visual 
objects and to determine that it probably depends on the sensing of 
the “microstructure” or texture of the object surface. According to 
Metzger [10], whenever a surface is seen, it is seen because the area 
in question is characterized by “grain” or spots or other irregularities 
of brightness. The terms available to describe this quality are not 
definite; it needs to be observed and described further. Visual texture, 
as it will be called here, is nevertheless evident to introspection, and 
its stimulus correlate is definable as inhomogeneity of retinal stimu- 
lation. When an area of perfectly homogeneous light stimulation is 
presented to the retina, as occurs when one looks at clear sky or 
certain artificial setups, no surface is seen,, and the area appears at an 
indefinite distance. The area is said to possess film color instead of 
surface color. 

The results of the experiments on line, contour, shape, and surface 
do not enable us as yet to account for the perception of objects in 
their two-dimensional aspect. They do suggest, however, the direc- 
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tions which future experiments should take and the methods experi- 
menters should follow to reach this goal There have been a large 
number of other experiments dealing with the perception not of objects, 
i.e., forms with contours, but of visual order and grouping among 
constellations of stimuli. They have received their impetus from 
the classical experiments of Wertheimer [16], The stimuli used were 
abstract dots or lines. These elements, when seen, tend to become 
organized into groups or units in accordance with certain laws which 
Wertheimer formulated. Proximity, similarity, or ^^good continua- 
tion” of the elements, for example, all make for unit formation. 
Wertheimer^s method was the balancing of one factor against another 
or others, with observation of the units which emerged' from the 
constellation; i.e., he studied the factors which made an equivocal 
constellation less so. These units, however, are not like the objects 
or forms of the ordinary visual world. Wertheimer’s laws are . not so 
relevant to that problem as they are to an even more difBcult one— that 
of the order and interrelations among elements within the visual field, 
and especially within artificial visual fields. Wertheimer’s laws are of 
special interest to abstract artists and others who are concerned wuth 
the problem of visual arrangement, composition, design, and esthetic 
unity. 

A great many studies have also been performed on the perception 
of nonsense forms and patterns, by the method of requiring the 
observer to draw them (or recognize or match tliem) immediately 
after presentation or after an interval of time [17, Chapter 4], The 
data available for study are the errors 'which the observer makes, the 
discrepancy in each case between the shape of the reproduced or 
matched figure and that of the original stimulus figure. The former 
shape is assumed to be indicative of the perception or the memory 
image. These are qualitative errors and are distinct from the quan- 
titative errors of a regular psychophysical experiment. The dis- 
crepancies will be of many different varieties. The experimenter must 
classify and evaluate them on the basis of his subjective 'opinion 
instead of scaling them on a dimension of variation. ‘As a substitute 
for mathematical averaging of the errors, however, he may utilize the 
method of composite drawings to obtain a kind of “mean shape” and 
thereby secure evidence of any general trend among the discrepancies 
of shape. Trends toward symmetry, tow^ard closure of the contour, 
and toward resemblance to meaningful shapes have been found. This 
experiment, as a type, is methodologically appropriate for exploratory 
studies, but inexact. Future experiments in this field might benefit 
by first adopting a hypothesis as to the trend of the discrepancies for 
a given form, then scaling a series of forms showing increasing dis- 

175 



crepancy from the original (if this is possible) , and finally measuring 
the errors. 

This type of experiment may be criticized on other grounds in so far 
as it purports to study the perception or memory of visual forms. It 
neglects the main problem and concentrates on a secondary issue. 
We need to know primarily why there is a correspondence between the 
shape of the stimulus and the shape of the experience, not why there 
are discrepancies between them. There is small use in studying the 
errors in form perception when so little is known about the reasons 
for the psychophysical correlation. Why is the percept (or the 
memory image) shaped like the stimulus object? To say that it is 
organized is only to say that it is shaped and is not a mosaic of point 
sensations. To say that it is shaped by memory images of past 
experience with similar objects is to say even less. The question is, 
Why is it shaped like the stimulus object? Either a tendency toward 
precise organization (symmetry, closure of contour) or a tendency 
toward the standard shape of a meaningful object will account for 
errors in the perception of nonsense forms, but neither will account 
for the fact of their correct perception. 


The Perception of a Three-dimensional World; the Problem of 

Distance and Depth 

The properties of visual objects include not only contour, shape, and 
surface; in addition, things emerge from the background, possess 
solidity, and appear at a distance. The problem of how these addi- 
tional characteristics can arise from nothing more than a pair of 
two-dimensional retinal images is a problem which is older than 
psychology itself. It is still not adequately solved. If there are three 
experimental stages to any sensory or perceptual problem, i.e., describ- 
ing the perception, identifying the stimulus correlate, and setting up a 
relationship between them, then it may be suggested that the problem 
of three-dimensional vision exists only in the first stages. Psycholo- 
gists have not yet succeeded even in identifying the stimulus correlates, 
presumably complex, for all types of distance perception. Hence 
they are unable to vary or otherwise modify the stimuli presented to 
an observer in the effort to establish a psychophysical relationship. 

There is, however, one retinal correlate of the depth and solidity of 
objects which has been identified and experimentally studied. It is 
the disparity of the images from a single object on the two retinas 
which is produced by “parallax,” i.e., by the fact that the two eyes get 
their images from slightly different positions in space. Since the two 
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images jointly are the stimulus correlate of a single perceived object, 
it is easy to suppose that their disparity might be the correlate of a 
third-dimensional quality of the perceived object. If the disparity 
can be measured, reproduced, and optically presented to an observer, 
with systematic variations, the hypothesis can be verified. It was 
actually verified by Wheatstone over a hundred years ago. He was 
able to do so because he invented an ingenious instrument, the stereo- 
scope, which enabled him to reproduce and manipulate artificially 
varying degrees of retinal disparity. As the discrepancy between 
images increased in certain regular w^ays, the depth quality of the 
perception increased correspondingly (Fig. 4) . 



Slight retinal disparity, producing the percep- Great retinal disparity, producing the percep- 
tion of a low pyramid. tion of a high, steep pyramid. 

Fig. 4. Amount of retina! disparity and degree of perceived depth. 


The stereoscope is an example of the way in which the development 
of apparatus can affect the progress of a branch of perceptual psychol- 
ogy. A major difficulty in studying certain kinds of perception is 
the constructing of artificial counterparts of the natural physical 
stimuli. Even though the stimulus correlate may be suspected^ it 
cannot be fully verified, and the correlation cannot be established until 
it has been ^^synthesized, as it were, and subjected to experimental 
control. Synthetic retinal disparity can be produced and modified at 
will in the stereoscope, but visual texture, for example, has not yet 
been reproduced in a systematic manner for experimentation. Artists 
have of course “experimented^^ with texture in i.)aintings for many 
centuries, but without use of the metliod of control and isolation of 
the “independent variable’^ which constitutes a scientific experiment. 
(See Chapter 1.) 

The binocular stimulus correlate accounts in part for the phenomena 
of solidity, emergence from the background, and depth, but it cannot 
wholly account for them, since it is a fact that one-eyed persons also 
see depth and distance. There exist monocular cues for these tlirec- 
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diin6iisioii£ti propcrtios, as well the binocul&i cue. *l.hese nionociilar 
€ues are, however, only imperfectly identified in our present state of 
knowledge and have in almost no degree been brought under experi- 
mental control. The accepted view 
is to say that they are “secondary’’ 
cues for the perception of space, 
*1 which have been learned in the 
course of experience. It does not 
solve the problem, hownver, to con- 
Fig. 5. The perception of solidity elude that these cues are learned, 

in relation to a retinal gradient of Even if they are, w^hich is probable, 

brightness. the question still remains of exactly 

w^hat complex stimulus correlate it 
is to which the experienced observer has learned to react. We come 
around to face the same question w^hich is asked of supposedly 
unlearned sensations: What is the psychophysical relationship? 



Fig. 6. The perception of distance in relation to a retinal gradient of texture. 

It is a possibility that the monocular cues for distance, depth, and 
solidity, when considered as stimulus correlates, -will be definable as 
gradients of retinal stimulation, A gradient is a continuous, transi- 
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tional change of stimulation over a retinal area and is to be contrasted 
with the abrupt change of stimulation between two adjacent retinal 
areas which is related to a contour. Two examples of retinal gradients 
will be given, one being a gradient of brightness and the other a 
gradient of texture. The first (Fig. 5) produces a quality of three 
dimensionality in a form; i.e., it yields solidity. The second (Fig. 6) 
produces three dimensionality on the ground and yields the impression 
of continuous distance. 

The “modelling of surfaces by light and shade” implies that there 
is a psychophysical relationship between specific gradients of bright 
and dark stimulation on the retina and specific perceptions of the 
“depth shape” of objects, i.e., their shape in the third dimension as 
distinguished from their shape in two dimensions. The relation 
between “depth shape” and gradients (or levels) of brightness could 
be established if the experimenter proceeded systematically to isolate 
the variables and devise a method of controlling the stimulus. Figure 
6 suggests, likewise, that, since a gradient of coarse to fine retinal 
texture produces a perception of a receding background, the variable 
should be synthetically produced and studied. 

Gradients of size, linear perspective, aerial perspective, and retinal 
motion [6, Chapter 9] might also be studied by this procedure. Since 
they are all capable of being scaled, the ordinary psychophysical 
methods should be applicable. If a satisfactory experimental analysis 
can be made of the so-called “cues” for space perception, an age-long 
puzzle will be on its way to a solution. 


The Perception of Objective Color, Size, and Shape in Relation to 

Their Retinal Counterparts; the Problem of Constancy 

Some of the properties of visual objects as perceived do not correlate 
very well with what we shall call their retinal counterparts. They 
correlate instead with the objects themselves. Since the perception 
must be mediated by the retinal stimulation, we are faced with a 
contradiction. How can our perceptions correlate so well with their 
objects when the retinal counterparts do not apparently correlate 
with either? This is the problem of perceptual constancy or, as it 
might better be called, perceptual objectivity. 

There is no doubt that the retinal image, considered as a counterpart, 
is not a reliable indicator of objective shape, for instance. When the 
face of a flat object is inclined to the line of sight, the shape of the 
image changes from what it was when the face was perpendicular to 
the line of sight. As the object is turned, the retinal counterpart 
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changes radically (Fig. 7), but nevertheless we continue to see the 
same object (not quite the same object, to be precise, for the slant of 
its surface is part of what we see). The percept, like the object, is 
said to be “constant,” whereas the shape of the retinal counterpart 
changes. Does this imply that the principle of psychophysical corre- 
lation does not hold true for perceptions as it does for “sensations”? 



Fig. 7. Perspective drawing of an object in different orientations. 

If retinal shape does not correspond with seen shape, neither the basic 
assumption nor the methods of psychophysics are applicable to the 
problem. It will have to be studied in terms of mental transformation, 
interpretation, intuition, or, at best, a process of spontaneous sensory 
organization. 

The difficulty can be resolved if we distinguish betw^'cen the retinal 
counterpart of objective shape and the retinal correlafe, wdiich remains 
to be discovered. We tend to assume, in studying space perception, 
that the retinal “image” is a counterpart of the object and of the 
percept. But the retinal image considered as a complex of stimulation 
need not be, and seldom is, such a counterpart. We are misled by the 
fact that such objects as a circle drawn on paper, vie'wed head-on, 
projects a circular retinal image. This is actually a rare situation, 
except in form-perception experiments in psychological iaboratories. 
In ordinary perception the shape of the retinal image is seldom a 
counterpart of the object A genuinely three-dimensional shape could 
not in the nature of things have a retinal counterpart, since the retina 
extends only in tw^o dimensions. The phenomenon called depth 
shape— the “modelling” of a surface— has no retinal counterpart, 
although it probably has a retinal correlate in the form of gradients or 
steps of brightness and texture. Objective shape does no^ need to 
be copied on the retina to be perceived; it needs only to have specific 
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correlates there for ail its objective properties. The contour of the 
retinal image is only one of these correlates. 

If the foregoing argument can be generalized, the objective nature 
of perception is a subject for psychophysical investigation rather than 
for theories of epistemology. The so-called constancy of shape, i.e., 
the fact that a shape is three-dimensional and is located and oriented 
in space, requires a complex stimulus correlate. The shape is not 
experienced in isolation ; it is always shape in a given orientation. At 
least two isolated stimulus variables might be tentatively identified 
within the total correlate: the retinal contour on the one hand, and 
the cues for slant and orientation on the other. When the object is 
rotated on a vertical axis, the retinal contours change their horizontal 
dimensions; at the same time the cues for the slant of the object 
surface change horizontally. These changes in stimulation are 
redprocal. It might be supposed therefore that one aspect of the 
total stimulus correlate remains constant despite rotation of the 
object — ^the sum or product of these reciprocal stimulus variables. 
This would provide a basis in stimulatmi for an unchanging percept. 

The perceived size and color of objects are similarly out of corre- 
spondence with the retinal stimuli to which they have been found to 
coxTespond in the unique situations where distance and illumination 
are held constant. Retinal size is a poor indicator of perceived size 
when the distance of the object varies. The brightness of the retinal 
image is likewise not indicative of the physical nature of the surface 
of the object when the illumination changes. Nevertheless the size and 
the color of objects are not much modified by these changes. The 
object size is seen ai the different distance, and the colored surface is 
seen in the changed illumination, A summary of tlie experimental 
evidence on these types of constancy may be found in Koffka [8] and 
in Woodworth [17]. 

Constancy experiments in general consist of demonstrations that 
the observer perceives the shape, size, or whiteness of an object, with 
a discrepancy from what would be expected of the retinal counterpart. 
The procedure is to introduce a variation in orientation, distance, or 
illumination between the standard and the variable stimulus-objects. 
Otherwise the procedure is that of a regular psychophysical experi- 
ment. The discrepancy between the perceived property and its retinal 
counterpart is computed and is sometimes called an index of i)henome- 
nal regression toward the real object [14] . The cliief emphasis is 
placed on the amount of constancy revealed by the experiment. 

The difficulty in these experiments is not in the techniques, but in 
the preliminary introspection and the definition of the problem. There 
is dissatisfaction with the term constancy. In the view just presented, 
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it is not so much the shape, size, or color of the object which remains 
constant under varying circumstances as it is the object itself. Its 
shape and orientation, its size and distance, its color and illumination 
are all features of the object in its environment. The stimulus corre- 
lates of all these features are necessary to make the perceived object 
look like what it is. The interaction between the members of these 
pairs ^ of stimulus correlates provides the basis for' a consistently 
identifiable, or constant, object in perception. The experimenter, 
therefore, needs to define a two-variable stimulus complex, e.g., both 
size and distance, when he is setting up a constancy experiment. He 
can then discover whether the two-variable stimulus is in correspond- 
ence with the perceived object. 


The Perception of Visual Motion and Locomotion 

We turn now to a more specific consideration of the experimental 
methods of perceptual research. A single experiment only will be 
described in each field, exemplifying one or another aspect of these 
methods. 

^ A practical problem in motion perception arises in learning to fly an 
airplane. How does the pilot sense the exact direction in which he is 
going, particularly when he is landing? By looking at the ground 
obviously, but what does he look for and how can he judge his direc- 
tion. An airplane cannot be “aimed” like an automobile by pointing 
its nose toward a distant point; the cue for the guidance of flight has 
to be looked for in the visual scene ahead. This is a problem requir- 
ing the analysis of a complex stimulus situation— not an analysis of 
the content of consciousness but a “phenomenal” analysis— and the 
identification of the cues for judgment. This identification must then 
e venfie y an experiment ■which establishes the correspondence 
between the stimulus and the judgment. The writer and others 16] 
undertook a study of this problem, the methods and the results of 

which may be in part described. 

Observation and the facts of optics both suggested that the visual 
basis of the perception of one’s own locomotion is retinal motion, not 
of an isolated image but over the whole retina. The ground and the 
objects on the ground are all projected on the retina. When the 
diserver moves this image is deformed, near objects of the visual 
world corresponding with points which flow rapidly over the retina, 
ther objects with pomts which flow more slowly. The only points 
which the retinal image is not flowing, during motion of the 
observer, are those corresponding to extremely distant points in the 
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visual world— the horizon— and the point toward which one is moving. 
If the observer “looks where he is going,” his retinal image is expand- 
ing radially from a center, and this center corresponds to the point 
in the physical world toward which he is going. Figure 8 represents 
the retinal pattern of expansion during an approach glide to an air- 
field. The arrows are vectors indicating the amount and direction of 
retinal flow at the given point. Their direction, no matter where one 
may look, is always away from the point toward which the observer 
is going at the moment. This expansion pattern would appear to be 
the cue for the pilot’s sense of his direction of flight. 



Fig. 8. Retinal motion perspective in the scene viewed while landing an 

airplane. 


The experiment to verify this conclusion was based on a motion- 
picture sequence of a scene similar to that shown in Fig. 8. The scene 
was photographed in miniature so as to permit control of the con- 
ditions, with the camera moving as the observer would move in that 
situation. When the film was projected, the velocities and directions 
of expansion could be plotted on the screen. They proved to be 
similar to those illustrated. Furthermore, when an observer looked at 
the screen, he obtained a compelling experience of moving through 
space in a specific direction. This direction could be judged with some 
accuracy even in the early portions of the sequence when the expan- 
sion was slow, and it could be judged with greater accuracy as the 
expansion became more rapid. 

An experiment of this sort raises many more questions than it 
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answers, but it illustrates a procedure for the study of complex per- 
ceptual patterns. 

The Perception of Meaning and of Symbols ' 

The problem of meaning and the nature of symbolic perception 
present a variety of problems for psychology. Most, if not all, mean- 
ings are learned by the individual. As determiners of behavior, the 
meanings of objects have been studied in learning experiments. But 
meanings are also perceptual experiences, and in this aspect they are 
difficult to study by experimental methods. The meanings of situa- 
tions, objects, pictures, and words are difficult or impossible to arrange 
in accordance with their modes of variation, as colors can be arranged, 
because of their seeming uniqueness and their almost infinite variety. 

The method of 'fimpoverishing” the stimulus may be used, however, 
and the apprehension of printed wmrds exposed in a tachistoscope 
lias been investigated in many experiments. A meaningful word can 
be apprehended under exposure conditions where an equivalent, but 
I less meaningful, group of letters is scarcely perceived at all. Words 

and symbols can also be subjected to prolonged optical fixation. The 
; meaning is reported to recede eventually from the visual pattern, and 

' the letters of a word appear to “break up” into subunits, 

j Symbolic meaning can always be identified and described by intro- 

\ spection, although it cannot be scaled and measured by classical 

psychophysical methods. There exist certain complex types of mean- 
5 ing, however, which apparently cannot be described adequately, i.e., 

j in such a way as to make other observers of the same phenomenon 

J agree with the one who described it. The study of esthetics and of 

? personality is hampered by this difficulty. Is there, for example, 

I meaning in the handwriting of individual persons? Does the quality 

of “style,” which is almost indescribable, indicate or express the 
person whose handwriting is examined? Graphologists maintain that 
, such meanings exist, but their claim is doubted. Problems of this sort 

I * can be investigated by the method of non-serial matching. 

I Allport and Vernon [I, Ghapter 10] report an experiment on the 

^ expressive quality of handwriting, in which this method was used. 

Ten sketches of personality were written, describing the traits and 
characteristics of ten individuals. Samples of their handwriting were 
obtained. The samples and sketches were then submitted to a group 
'I of judges, some of whom were professional graphologists. Each judge 

examined a given sample of handwriting and, from the qualities he 
I saw in it, attempted to select the personality sketch with which it 
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matched. He would be correct by chance only once in ten tries. He 
then repeated his attempt for the remaining samples. The perceptual 
basis of the selections did not haA^e to be described, nor did it enter 
into the experiment. The mean number of correct identifications out 
of ten attempts was approximately two instead of one. The grapholo- 
gists were somewhat more successful than were those who disclaimed 
any special ability to interpret handwriting, but both types of judges 
were more successful than the hypothesis of chance guessing would 
predict. 


Social Perception 

A wdiole realm of perception has scarcely been touched upon in this 
chapter. The methods and experiments discussed have to do primarily 
with the perception of the world of objects— the physical world. The 
methodological problems are difficult enough in that realm, but they 
become even more complex when we come to deal, as scientists, Avith 
the world of values, customs, stereotypes, and fashions. We then have 
to study the perception of such objects as food, clothing, and articles 
of daily use; of the actions of other people; of social situations and 
problems; and of races, classes, and nations. There is one very 
important difference between space perception, for example, and social 
perception. It is always possible, subject only to the ingenuity of the 
experimenter, to establish, in the first case, whether a perception is 
“correct^^ or ^fincorrect.^^ It is a very complex and often controversial 
matter, however, to establish Avhether a given social perception is 
“veridical.^^ Since the realities behind social A^alues and judgments 
are at best subtle and obscure (some social scientists deny that there 
are any realities), these properties of things are studied by the method 
used to investigate indefinite or ambiguous stimulus patterns (pages 
166-167) ; that is to say, the experimenter studies the perception 
not as a function of the stimulus but as a function of variables Avithin 
the subject — his past experience, his motiA-ations, his prejudices, and 
his personality. 

An experiment of this sort is that of Sherif on the determination of 
perception by a ^'social norm” [12]. The stimulus situation he 
employed Avas even more ambiguous and ^‘unstructured” than are ink- 
blots or nonsense patterns; it consisted of a single stationary pinpoint 
of light in an absolutely dark room. Under these conditions the 
“autokinetic phenomenon” occurs. Sooner or later in this situation 
the point of light, being unlocalized on any spatial surface and divorcrod 
from any visible frame of reference, begins to drift or change position 
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erratically. This purely illusory impression of movement is variable 
and indefinite, as one would expect. The judgment which Sherif 
reciuired of his observers w'as an estimation of the amount of this 
movement in inches during a certain time interval after the light 
a})pearcd. The instructions were such as to suggest that the light 
wouhl really move, although it never did. 

After a number of repeated judgments, a standard or normal amount 
of movement began to characterize the estimates of an observer. One 
individual would report 1 or 2 inches of displacement, while another 
re])orted 9 or 10 inches. If at this stage a pair of observers, or a group 
of three, were given a repetition of the experiment together, so that 
they could hoar each other’s judgments, the established individual 
norms of judgment began to be modified, and a group norm emerged, 
to which the individual norms gradually conformed. At the end of 
three sittings ( 100 judgments each) all the individuals in a group had 
standards to guide tlieir estimates, which were very close together. 
The majority of observers w'ere not aware that their judgments wmre 
))eing influenced by others. The standards were by no means the 
same in dilTerent groups of individuals, one group tending to see 1 inch 
of moveunent as the normal amount, whereas another saw as much as 
4 inches. 

If an individual observer faced the situation alone, after first 
observing as a member of a group, the socially determined norm con- 
tinued to affect, his judgments, although the influence of the group was 
no longer physically present. Although he did not realize it, the 
amount of movement which he expected to see was now the result 
of his interaction with the group. An elementary social custom had 
been established, both in the group and in the individuals w'ho com- 
posed the group. 

CONCLUSIONS FOR THE STUDEN'C OF PERCEPTION 

It has been implied throughout this chapter that the first necessity 
in setting up an experiment on perception is to formulate its aim. 
Formerly the aim of perceptual experiments was to establish the 
differences between a , percept and its presumed stimulus correlate, 
analyzing the latter in terms of those stimuli which were knowm to 
yield “sensations,” and then to account for these differences by some 
hypothesis. Eeeently, with the breaking down of the logical distinc- 
tion between sensation and perception, it appears possible in many 
cases to establish a psychophysical correspondence between a percept 
and its own stimulus correlate. The latter may be a ratio, a gradient, 
or an integration of stimuli of a more complex order than are the 
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accepted correlates of so-called sensory experience. Whenever such 
a correspondence is conceivable, the experimenter should first devote 
his attention to it, on the grounds that, if established, it will reduce 
the necessity for extra hypotheses. The methodology of such research 
lias been the principal concern of this chapter. 

There are, of course, many aspects of human perception for which 
the corresponding stimulus complexes are unknown. They are pre- 
sumably based on intricate and subtle discriminations of the physical 
properties of things, persons, and events, but they are so far from 
being identifiable by the ordinary procedures of the physical sciences 
that they can scarcely be guessed at. The meanings, the “dynamic^^ 
and ^'physiognomic” qualities, and the social significances which make 
up a great part of human experience are all of this type. Although 
they are perceptions and depend on the functioning of the sense 
organs for their development, they require hypotheses conceiming the 
organization of experience and the process of learning in order to 
account for them. They are so much dependent on the concepts, 
attitudes, and prejudices of the observer that the methods of studying 
them become indistinguishable from the methods of studying thought 
processes, wdiich are described in Chapter 4. 

The phenomena of object perception, space perception, and per- 
ceptual constancy, on the other hand, are probably more nearly akin 
to sensory processes than they are to concepts. If this is true, they 
should be studied after the fashion of psychophysical experiments. 
Evidence is needed on the perceptual resultants of complex stimula- 
tion. This evidence can be obtained by introspective analysis, by 
isolating and controlling the relevant variables in the total stimulus 
situation or at least by systematically varying the situation, by obtain- 
ing discriminative judgments from an observer, and by applying the 
techniques of psychophysical measurement to the results. 
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Chapter 1 


Studying Vision 

S. Howard Bartley 


The methodology described in Chapter 6 was concerned mainly 
with visual perception. The present chapter is devoted to the major 
and most representative methods of studying vision as such, inde- 
pendent of the more perceptual qualities related to the field. The 
student should carry over the material of the previous two chapters 
and relate it to the methods to be described in the next several pages. 

In order to accomplish the most within the boundaries of a single 
chapter on the complicated methodology in vision, a number of 
economies are necessary. The first is the reduction of certain of the 
broader aspects of method to ideas that can be presented in general 
statements. Accordingly, a number of these statements precede the 
description of the phenomena of vision and the specific expeinmental 
conditions under which they are induced. 


FIELDS OF VISUAL INVESTIGATION 

One of the major ways in which visual studies differ is in terms of 
their objectives. These differences are quite marked and are reflected 
not only in the types of questions for which answers are sought, but 
also in the procedures involved in the process of experimentation. 
The different aspects in which attention is directed may be called areas 
of investigation, each of which may be subdivided into several types 
of inquiry. One of the first areas of investigation pertains to the 
nature of what is perceived. It deals with the problems of how thc! 
visual field is organized, what is in it, and similar questions. The 
study of thc most general and basic structure (organization) of the 
visual field is the first type of inquiry. It so happens that the first 
differentiable feature of visual-field organization is thc separation into 

1 Professor of Psychology, Michigan State College. 
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figure and ground (see Figs. 1 and 2). Thus fipre-ground relations 
and all similar studies belong in our first type of inquiry. 

Studies of the second type of inquiry deal with objects as such. 
Questions of their identification, location, etc., are pertinent here. 
Size, shape, and similar characteristics are involved only in a second- 
ary ’way and are of concern only as they distinguish one object from 
another or help determine object character or position. A third type 
of inquiry is the investigation of visual properties, such as color. 

Fig. 1. Fig. 2. 

Figs, 1 and 2. These drawings indicate the fact that differentiated visual 
fields are structured into two parts^ — the figure and the ground. 

In Fig. 1 thft lines become figure. Not only ore they figures (objects) but also they cluster so as 
to enclose portions of the field which become part of the figure — representing the surface of posts, 
boards, etc. Fig. 2 can be seen in two ways-— ‘the figure and ground mutually alternate. See also 
Rg. 1, page 168. 

Although color, for example, is often studied as a property of object 
surfaces, it may be abstractod from the object itself and dealt with 
under eonditions in which it has a minimum of relation to specific 
objects. ■' 

It is obvious from the foregoing that the study of vision necessitates 
certain am(.)iints of arbitrariness, as do all psychological investigations. 
As was pointed out in Chapter 1, such arbitrariness is a matter of 
abstraction whicli is involved in all our techniques of analysis. We 
must recognize that the kind of abstraction used plays an important 
part in our end results. In a certain sense experimental phenomena 
are products of sensory abstraction. 

A second area of visual investigation deals with the functional 
characteristics of the organism. It is not directed toward descriptions 
of visual phenomena, but toward understanding visual capacities. 
For instance, brightness discrimination, adaptation, and visual acuity 
are terms that refer to a capacity of the organism rather than to its 
experience. Brightness discrimination and adaptation refer to what 
the organism does visually. Visual acuity refers to a discriminatory 
capacity tlie organism possesses, 

A third area of investigation involves study of the organic meclia- 




nisms and anatomical relations which underlie the properties just 
mentioned. These mechanisms may be chemical, motor, or neural 
Visual studies in this third area are concerned with inquiry into 
retinal structure and function, the structure and activities of the 
remaining stations in the visual pathway of the nervous system, and 
ultimately the nervous system as a whole. Photochemical activity 
in the receptor cells and neural interaction in the retina are two very 
common objects of study in this area of visual investigation. 

Still a fourth area of investigation is the study of the role that vision 
plays in the behavior of organisms. One type of inquiry in this direc- 
tion seeks to find how vision participates in the general behavior of 
the individual A second type is concerned with particularizing the 
relations of vision and the other senses. Much of what is included in 
this area is conventionally dealt with in perception and some of these 
major concepts have been handled in Chapter 6. 

In the present chapter we shall limit ourselves to several well-recog- 
nized and thus formalized categories in which vision is studied. The 
categories of adaptation, visual acuity, brightness discrimination, color 
discrimination, spatial localization, and response to intermittent stimu- 
lation (flicker, etc.) have each arisen from observations in everyday 
human experience. Now, when one speaks of a visual phenomenon, 
he tends to put it into one of these major categories. Before we take 
these categories up in detail, we shall survey some of the more impor- 
tant psychophysical relations necessary to an understanding of visual 
methodology 


PSYCHOPHYSICAL RELATIONS IN VISION 

Visual experiences are both quantitative and qualitative. To the 
extent that they are qualitative, they have properties which cannot be 
directly described in numerical terms. As a series, however, a series 
of qualitative changes may be related to some numerical order. This 
order lies outside the qualities themselves and applies to stimulus or 
internal physiological conditions. The properties of visual experience 
which appear to be quantitative pertain to time (duration), space 
(size, direction, etc.) , and intensity (brightness, etc.) . The stimulus 
conditions involve time, space, and intensity. Procedures for studying 
visual processes are those which manipulate these factors precisely to 
discover new types of phenomena, to make clear the relations between 
already known phenomena, or to discover the mechanisms underlying 
the phenomena themselves. This involves relating the visual out- 
comes to stimulus conditions (psychophysics), although it is recog- 
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nized that certain conditions lying within the organism are often as 
crucial in determining the literal outcome in a specific case as are 

external stimulus conditions (psychophysiology). 

One of the most basic and widely employed concepts in the study 
of biological phenomena is the threshold or limen. The notion ot 
(lu-oshold aiises out of the discrepancy between physical conditions 
wliicli are considered to be (lotential stimuli and the rcsixmses them- 
si'l\-es. The smallest amount of stimulation which will produce a given 
re.-itdt is spoken of as the threshold amount. The threshold is not 
absolute, but instead is statistical, because of the unavoidable insta- 
Ihlity of both the stimulus and the organism. Hence all threshold 
dciinitions arc couched in statistical terms. Part of what has just 
been called “a given result” is defined by the numerical probability 
of detecting a given target or a difference between two of its parts. 
In vision, for instance, there are amounts of radiant energy which fail 
to elicit visual exiwrience. A room may be so dark that no objects 
are vi.siljle in it, but if the illumination is increased sufficiently, a point 
will he reached at which certain objects will just be discernible. The 
level of illumiuatiou will then be just threshold for the objects in 
(|ue.stiou. 

If, in a fairly well lighted room, two sheets of paper are put before 
an observer, be may be able to detect that they are not equally white. 
The difference may be so slight as just to be perceptible. This means 
that had the pliysical difference been any less, the two sheets would 
have looked alike. 

From this description it will be evident that thresholds are of two 
general types. There arc “absolute” thresholds and “relative” (“dif- 
ference”) thresholds, as indicated respectively by the two illustrations. 

The subject of thresholds brings us to the consideration of what is 
new and what is old, what is an enduring object (or experience) some- 
what changed, and what is a new (different and discrete) object with 
some resemblance to an earlier one. When conditions are shifted in 
such a way as to provide for just barely seeing something in the dark, 
the something is a new object of experience. With added light it 
c!mnge.s in various ways. Were each of these kinds of change to be 
examined, a series of difference thresholds could be established by 
simply manipulating conditions step by step, so that notations of the 
amount of stimulus change necessary to produce each perceivable 
increment of change could be obtained. In a sense, when an object 
changes, it is a new object. In another sense, it is not. When the 
experiential emphasis lies in the continuity between what was and 
what is, the difference constitutes a change. Without this, the present 
object is new relative to any other one in the past. Whereas difference 
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thresholds pertain to just perceivable changes, absolute thresholds 
pertain to situations in which something new emerges. When thresh- 
olds pertain to differences, a series of differences are generally obtain- 
able by incremental or decremental changes in physical dimension. 

Steps from one threshold to the next are called “just noticeable 
differences” (JND’s). 

A nurnber of trials (observations) are necessary for determining 
threshold, for a very weak stimulus will not always evoke a sensory 
end result. A target seen on one attempt will not necessarily be seen 
on another. A statistical relation exists between the strengh of the 
stimulus and the seeing of an object. 

It is possible to define threshold in any one of a number of ways. 

If the target is an object to be seen only in one place and in a single 
orientation about the axis of regard, the observer has only one of two 
responses to make. He either reports seeing the target, or he fails to 
report. If he is apprised of each time the target is presented, he reports 
either that he does or that he does not see it. Hence, by pure chance, 
he will be able to be correct half of the time. In such cases tlireshokl 
is sometimes defined as the stimulus strength which evokes a response 
in 75 per cent of the trials. In many experiments the number of 
possible reports is increased by rotating the target into several posi- 
tions in chance order or by placing it in various predetermined 
positions eccentric to the fixation point. This reduces the chances of 
being correct by mere guessing. 

In actual experimentation, standardization and short cuts in pro- 
cedure are necessary. These tend to modify response, making for i 

some predetermination of result. Scoring procedures cannot therefore 
be constructed on the assumption that only two factors, actual sensi- 
tivity and pure chance, operate. They must take into account certain 
biases of the observer resulting from his ability to predict to some 
degree from what he has learned of the experimenter's procedure. In 
what way these biases reduce chance factors has to be determined for 
the particular method used. 

Although a threshold stimulus is one which just succeeds in pro- 
ducing a response, less intense physical conditions are not without 
their effects. Hence they are called subthreshold stimuli, even though 
such terminology is paradoxical Literally, that wdiich does not 
stimulate can hardly be a stimulus. Subthreshold stimuli can be con- 
sidered effective in bringing about certain chemical conditions, and 
these effects, when added to more of the same, will end in a response 
of the same category as that produced by a single threshold or supra- 
threshold stimulus. There is no such thing, however, as a subthreshold 
experiential response. The effect produced, if ever to be called a 
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physiological response, is in a category other than the response which 
was originally meant and which originally determined the definition 
of the threshold. 

Scientific measurement may either be direct, the response itself 
being measured, or indirect, the measurement being of the stimulus 
used to obtain a specified response. It is seldom that a visual response 
can be measured by the first method. Direct measurement is possible 
only in the case of pupil reflexes and other visuo-motor activity. 

The indirect method is necessitated by the fact that the response is 
something for which there are no physical units, such as length, dis- 
tance, or volume. This method takes advantage of the fact that 
re.sponse is generally a comparison. Two things are compared: either 
they are matched and are thus biologically equivalent in some respect, 
or they are differentiated. In the latter case, the least stimulus 
difference which enables a differentiation is the threshold or limen 
which we have just discussed. When, of course, the response in ques- 
tion is not a comparison, the stimulus conditions required to elicit the 
response arc the only measurables. To the extent that a response 
cannot be predicted by defining stimulus conditions, the experiment 
nun'es away from the conventional psychophysical one to a kind in 
which the organism, rather than the physical surrounds, is the reference 
])oint. Methodology for sueli experimentation is as yet poorly devel- 
oped, but there is a growing recognition for need of it. 

Differentiation is only fully meaningful when conditions are so 
adjusted as h) produce a JND. Discernible differences, when they 
are larger than JND's, are less definite and are therefore often more 
poorly measured. For example, one area cannot be as well judged 
to be twice as bright as another as the two can be judged equally 
bright or just different in brightness. 

FUNDAA\ENTAL CONSIDERATIONS AND VISUAL PHENOMENA 
TTie Eye 

All the precise work on and understanding of vision presupposes a 
knowledge of the structure of the eye as an energy-receptor system 
and a translator of this energy into suitable neurophysiological pat- 
terns for conduction to the central nervous system. Likewise knowl- 
edge of the visual pathway is also becoming more and more necessary 
in the understanding of visual phenomena. 

The outstanding facts regarding the eye are the following. (1) It 
contains a mosaic of two kinds of sensitive cells, the cones and the 
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rods, each of which is sensitive to radiant energy and capable of trans- 
forming it into a series of discrete impulses appropriate to activate in 
turn the next structural unit in line, the bipolar cell. (2) These 
receptor cells {the rods and cones) are not alike in their range of 
sensitivities, and all visual functions on this account are affected by 
which set of cells participates or in what proportions the two sets par- 
ticipate. (3) These two sets of receptors are unlike in their distri- 
bution across the retinal mosaic from center to periphery. The central 
portion of the retina is populated only with cones, the paracentral 
(parafoveal) region is populated with both rods and cones. The 
farther toward the periphery, the greater is the relative number of rods 
and the smaller the relative number of cones. (4) The neural con- 
nections of the rods and cones differ. Each foveal cone has a one-to- 
one connection with its succeeding unit in the visual pathway. In 
contrast to this, the fiber processes fi'om several rods converge on a 
single succeeding neural unit, and cones outside the fovea dp not have 
^'private line^^ connections. (5) Where the bundles of afferent fibers 
constituting the optic nerve leave the eye, a total absence of receptor 
cells is assumed. This region is called the optic disk, and the corre- 
sponding area in the visual field which is “blind” under some conditions 
is called the blind spot [1]. 


Important Units of Measurement 

Since the optical system of the human eye involves the focusing of 
light through a nodal point, the visual angle is one of the vehicles of 
spatial measurement. The visual angle is the angle subtended by the 
observed object wdien the nodal point of the eye is the apex. If abso- 
lute size of an object (test object or target) is known, the distance of 
the object from the eye must be knowm, so as to calculate the area of 
the retina involved in the image of the object. 

A unit of sensitivity wdiich takes into account the light actually 
reaching the retina should be employed. The photon is a unit of 
retinal illumination which takes into account the size of the pupil and 
is the conventional unit which most nearly satisfies this demand. 
Although the reader wdll have to resort to the proper handbooks [27] 
to acquaint himself with the various light units and their conversion 
factors, it is not likely that he will find the definition of the photon 
among them. When the eye is confronted with a surface intensity 
(“apparent brightness”) of 1 candle per square meter, the illumination 
on the retina is 1 photon if the pupillary area is 1 square millimeter. 
Three avenues of procedure are open in applying the photon. One is 
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to use an artificial pupil to limit the effective pupillary aperture to a 
known area. The second is to measure the natural pupillary area 
existing at the time, and the third is to calculate pupillary area from 
graphs or tables providing the standard pupillary aperture for the 
various intensity levels of target and for given states of retinal 
adaptation [35]. 


Adaptation 

Adaptation is the adjustment in the visual mechanism underlying 
imi)rovoment in seeing after sudden shifts in stimulus intensity. 
Adaiffation may proceed in either of two directions: progressive 
imiu'ovoment in vision after illumination has been suddenly lowered 
(dark adaptation), and improvement after illumination has been 
raised (light adaptation). Light adaptation progresses much more 
rapidly than dark adaptation. 

All adjustments toward improved functioning of the visual pathway 
with reference to the intensity of stimulation might well be called 
adaptation [1]. The initial tissue process in the receiving of light 
i.s chemical and is very influential in setting the quantitative pattern 
of the proce.sscs tliat follow. That adaptation is confined to the photo- 
chemical processes of the receptor cells in the retina has often been 
taken for granted [4]. Nevertheless it has more recently been shown 
that all tlie adjustment phenomena which would naturally be given 
the label of adaptation are not photochemical [36]. Some of them 
arc neural. 

The usual methocl of studying dark adaptation consists in subjecting 
the eyes to t(ffal darkness and, at regular intervals, testing the ability 
to see (determining absolute thresholds) [37]. The threshold pro- 
gressively drops, at first rapidly and then more slowly, till finally no 
further drop occurs. The series of thresholds are plotted against time 
in the dark, and the result is called an adaptation curve. One custom- 
ary target is a figure which can be rotated from trial to trial into any 
one of a number of fixed positions. For example, a letter C (Landolt 
broken circle) is often employed (see Fig. 3). The open side of the 
circle may be placed in any one of four or more positions, and the 
obscrvcT is asked to tell in which position the opening is, cither by 
expres.'^ing tlio position in terms of the hour designation on a clock 
dial, or by pressing the appropriate key on a panel wired to designate 
the various {xisitions. A plain figure, such as Fig. 4, may also be 
used. To insure that the obiserver is looking in the right direction to 
see the target, a fixation point i» eustomarily proyided. This is a very 
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small red light just strong enough to be seen. The target bears a fixed 
spatial relation to the fixation point, providing the observer does not 
move his head. If measurement of various precisely known parts of 
the retina is required, the precaution of a “biting board” or other 
head-stabilizing device is used. Biting boards are of many degrees 
of stability, the best being a horizontal plate bearing a wax impression 
of the observer’s teeth. Each time that the observer “bites” into this 
impression, his iiead is certain to be placed in the same [position with 
reference to the target as before, if the plate is stable. 



Fig. 3* Fig, 4, 


Trials are made at set intervals. Since dark adaptation progresses 
much more rapidly at first than it does later on, the readings must be 
closer during this time than later. It is objectionable from the 
observer’s standpoint to make readings quite close together. A num- 
ber of readings for every desired interval of time elapsing in the 
dark are necessary to obtain a reliable set of readings for a dark- 
adaptation curve. Routine clinical examinations, however, follow a 
shortened procedure [23], 

Further to insure the meaningfulness of the results acquired in 
obtaining a dark-adaptation curve, a preadaptation period of sub- 
jection to a known level of illumination is used. Generally a uniformly 
lighted opal-glass screen large enough to cover most of the angular 
visual field is employed. The screen may be illuminated at any level 
of intensity, depending upon the purpose of the investigation, just so 
the level is known and specified in describing results. 

The process of adaptation can be measured for various parts of the 
retina and for various levels of preadaptation [4]. It has been found 
that the rods and cones adapt at different levels and at different 
rates [4]. This is evidenced in the irregular shape of the adaptation 
curve, it being composed of two parts. The one is an early drop, 
which reaches virtually its full extent in a very few minutes, and 
the other is a later and greater drop, which continues for a far longer 
time. 

By the use of dark-adaptation curves it has been shown that vita- 
min A deficiency affects the process of adaptation [23]. It has also 
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been shown timt insulin hypoglycemia and anoxia affect dark adapta- 
tion. In vitamin A deficiency, the difficulty has its primary^ origin in 
the eye, whereas in hypoglycemia and anoxia, the difficulty is further 
along in the visual pathway [36] . 


Brightness Discrimination 

Adaptation is the process whereby sensitivity to retinal illumina- 
tion changes after a more or less abrupt shift in illumination level. 
Although it has been implied that various parts of the retina can 
adapt more or less independently, the more usual studies of adaptation 
liave not been limited to localized regions. Brightness discrimination 
as a process differs from adaptation only in certain arbitrary ways. 
As the eyes are moved to and fro, the images of dark and light objects 
move across the retinas. The intensity differences between the various 
images may be quite great, and therefore it can be said that the areas 
of the retina just newly stimulated by images differing greatly from 
their predecessors are not fully adapted to the new levels of intensity. 
Brightness discrimination is a set of complicated, short, and relatively 
mild processes of adaptation. 

The standard concept of brightness has been reaehed through use of 
the photometer, in which the two target areas (standard and test) to 
be matchetl are contiguous and appear on an unilluminated field, either 
lying side by side or the one target surrounding the other. Adjusting 
for equal luightness involves, as much as anything else, obliterating 
the boundary between the areas. Under conditions of contiguity the 
relative size of the two areas is not critical, and the match in bright- 
ness is most nearly a physical match in intensity. Hence the standard 
definition of brightness used by those interested in light from the stand- 
point of physics follows: Brightness is the luminous intensity per unit 
oj area. The term luminous is a recognition of the fact that an 
observer is involved and that he is not equally sensitive to all wave- 
lengths within the visible spectrum. 

IMost methods used in studying brightness discrimination differ 
essentially from the purely photometric in one or more particulars. 
Whereas the photometric technique, through its simplification, is taken 
as an absolute one, other setups actually emphasize the faet of rela- 
tivity in the perception of brightness and must be looked upon from 
this standpoint. Even when we employ setups apparently similar to 
those used in photometry, we are investigating brightness discrimina- 
tion as a biological funetioij, rather than presuming to match two 
physical quantities. 
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That brightness depends at times upon total flux (total light emitted 
or reflected from the target to the eye) rather than flux density (light 
emitted or reflected by each unit of target surface) is demonstrated 
in the following illustrations. 

Let two surfaces reflecting equal flux per unit area be observed. In 
the first case let the two surfaces be equal in area and equally distant 
from the eye. In the second case let their areas be equal, but their 
distances from the eye be unequal. In the third case let their areas 
be unequal, but their distances from the eye be equal. 

When, in all three cases, the paired surfaces are seen to match in 
brightness, it may be said that flux per unit area is the crucial factor, 
for in cases two and three the total flux reaching the eye from each of 
the surfaces is not equal. But when the paired surfaces in cases two 
and three are seen as unequal in brightness, total flux may be the 
crucial factor. 

If, for example, the paired surfaces are the sole objects in the field 
to receive illumination, and one does not focus w^ell upon them but 
looks beyond them, the surface subtending the greater visual angle of 
the two will then tend to become the more effective and appear the 
brighter. In case two it will be the surface nearer to the eye; in case 
three it will be the larger surface. In such cases the total flux deter- 
mines the brightness. Total flux operates in many everyday situations 
as well. 

Methods used to study brightness discrimination are aimed at taking 
into account (1) the relations between area of total target, or its parts, 
and threshold, (2) the relation between intensity level of target and 
surround, and threshold, (3) the relation between time of target 
exposure and threshold, and (4) the relation of target movement 
and threshold. 

The simplest arrangement of the visual field for the study of bright- 
ness discrimination is similar to that for dark adaptation (Figs. 3 
and 4). From what we know about retinal anatomy, the angle that 
the target subtends is an important matter. For central vision the 
target should be about 1 degree or less (about 1 inch at a distance of 
55 inches). The amount by which a target must be either greater 
or less in intensity than its surrounds so as just to be perceived is 
a measure of brightness discrimination. This threshold is generally 
called aJ, and its relation to the intensity I of the surrounds has 
often been studied. The ratio A///, called the Weber fraction, is 
another measure common in the study of brightness discrimination. 
This fraction becomes smaller as I increases. The reciprocal of this 
fraction (I/Al) is also a common measure. 

It is possible to vary the area of the target and determine the 

199 



relation of thresliold to area. It is also possible to apply the small- 
area target to various parts of the retina by using a fixation-point 
wliose relation to the target is manipulated systematically. 

Another and very definite step is taken when the target is made of 
two parts of unequal intensity. The particular threshold measured 
in this case is that of the difference between the two parts of the 
target. The ratio M/I in such cases pertains to the difference in 
intensity between the two parts of the target divided by the intensity 
of one of the parts. 

Under these conditions, as with simple targets, the intensity level 
of the background or general field cannot be ignored. It has been 
found to be an important factor in determining the absolute value of 
the threshold. The level of the background (surrounds) is sometimes 


})ut at an intensity somewhere between levels of the two parts of the 
target. By a few preliminary trials a point almost halfway between 
the two parts of the target may be found. The surrounds may also be 
set definitely below or above the two parts of the target in intensity. 

The complex target may be any one of several shapes. In general, 
there are bisected targets, such as in Figs. 5, 6, 7, 8, 9, 10, 11, and 12, 
and disk-annulus targets, such as in Pigs. 13 and 14. Bisected targets 
eun-sist of a sciuare, rectangle, or circle divided equally into two parts. 
At times the two halves are separated, as in Figs. 11 and 12. When 
sepjiration is employed, the effect of width of separation is studied. 
The liisk-annulus targets do not give thresholds of the same value as 
the bisected targets. The existence of a difference is a demonstration 
of a very imptjrtant matter in visual function, the effect of border- 
building processes on each other tl6|. As anotlier variation in tech- 


11 12 13 

Figs. 5 to 14. 



nique, the two halves of the complex target may be held constant in 
their intensity relation to each other while being varied in relation 
to the surround. 

A totally dark field surrounding a test object (target) could be 
expected to function one way, and a fairly well illuminated field 
another way. While black is a sensation, the absence of retinal stimu- 
lation is functionally different from the presence of any amount of it. 
One of the problems that has arisen in connection with surrounds, 
especially the illuminated ones, is whether a portion of the visual field 
illuminated at a given level might function as a substitute for the 
whole field. If so, how many degrees must a surround subtend to be 
substantially equivalent to having the whole field illuminated at the 
same level? Some investigators have come to the conclusion that a 
surround subtending 30 degrees of visual angle is this equivalent, at 
least for certain purposes. (An ordinary doorway— 32 inches— sub- 
tends a visual angle of 30 degrees when the eye is about 2 yards 
from it.) 

Tliere is a fundamental phenomenon regarding the behavior of light 
in the eye that may account for this virtual equivalence. It is the 
existence of internal stray light, called entoptic stray light [10]. The 
eye as a hollow sphere acts, in principle, like an integrating sphere. In 
solving certain problems in photometry, a source of light is placed 
inside a hollow sphere whose walls are coated a matte white. A photo- 
meter pointed through a peephole in the sphere measures the ^^mean 
spherical candle power” of the light source, because of the fact that 
light is evenly reflected in all directions from the walls of the sphere. 
No matter toward which portion of the inside wall the photometer is 
pointed, the reading will be the same. In the eye the bright image on 
the retina forms the light source, and although the ocular w^alls absorb 
a considerable part of the light, the portions of the retina not involved 
in the bright image are receiving reflected light. The amount of this 
depends upon the size and intensity of the image acting as source. As 
the image increases in size, the differential between its intensity and 
that of the rest of the eye materially lessens. As the image increases 
in size, it of course occupies more and more of the total sensitive retina. 
For these reasons a stimulus covering somewhat less than the whole 
visual field will substitute for illumination of the whole field. 

Certain findings incidental to the study of brightness discrimination 
have led to the use of figures even more complex than the bisected 
targets [1]. It appears that the presence of borders in the visual 
field has an influence on the differential thresholds. For example, if 
a target such as is found in Fig. 15 is used, the differential brightness 
threshold decreases as the width of the annulus 2 is increased. Origi- 
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nally this was attributed to a summation process. This hypothesis 
is tested by use of a pattern, as indicated in Fig. 16. By surrounding 
the inner disk 1 by an annular field 2, between which and an annular 
outer area 3 is ring R, the combined area of 2 plus 3 can be kept 
constant while the diameter of the ring is varied to manipulate the 
distance of the ring from area 1. The inner border of the ring is thus 
varied in its distance from area 1 without changing total illumination. 



A.S the ring is moved further from area 1, the differential threshold 
between 1 and 2 decreases. Since the variable is the distance of the 
imu‘r border of the ring from area 1 and not the total flux, the distance 
of tlu‘ border must be the crucial factor. 

Figure 17 involves the same kind of border (contour) phenomenon. 
The effect of varying the intensity of 3 on the differential threshold 
betwecui 1 and 2 is the object of study. Area 1 is made either brighter 
or less bright than 2. The lowest thresholds are found when 2 and 3 
are equally intense. The threshold becomes greater when 3 is either 
more intense or less mtense than 2. When 3 is either more or less 
intense than 2, the '^contrasF^ border is thought to interfere with the 
formation of a border at the outer edge of 1. By this means the 
differential threshold between 1 and 2 is raised. Additional patterns 
have also l)een used to test the assumption that borders in the visual 
field infiiienee each other, and that it makes a difference whether one 
border acts on the end of another border or on the side of it. 

Whereas the targets just mentioned are those characteristic of 
academic studies of briglitness perception, several other types of 
targets are dictated by more practical considerations. For instance, 
tin* question of detection of targets in actual outdoor situations often 
involves land and sky divisions of the visual field; i.e., a horizon or 
boundary between unequally illuminated upper and lower parts of the 
visual field is involved. Targets may appear fully within the low^er 
part of the field, fully within the upper part of the field, or across the 
horizon. A target placed m tha horizon is shown in Fig. 18. Were 
the square somewhat below the horizon, it would, in this case, be 
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Fig. 18. 


invisible. The target may be of a different intensity from either the 
upper (sky) or lower (land) parts of the field. 

Practical considerations in “detecting” targets introduce the factor 
of target motion. It would be expected that angular motion could 
not become very great before an otherwise visible target would become 
ineffective. The factor of “blurring out” at weak illuminations easily 
becomes great enough to offset any 
“attention-getting” advantage a mov- 
ing target may have. 

The term brightness contrast is often 
used in the study of brightness dis- 
crimination. It is not always kept clear 
whether the subjective phenomenon, the 
underlying physiological mechanism for 
the experience, or the intensity differ- 
ences in two parts of the stimulus field 
are being referred to. Simple bright- 
ness-discrimination studies become the 
conventional studies of “contrast” when 
a number of levels of surround are 
employed to study the Weber fraction. 

Visual experience and the ability to make discriminations are 
studied sometimes when two eyes are used, and at other times when 
only one eye is employed. In these two cases certain very decided 
differences pertaining to adaptation, brightness discrimination, visual 
acuity, and space perception have been brought out. Targets may be 
used successively with one and with two eyes, or simultaneous com- 
parisons may be made, part of a target being seen by tw'o eyes and 
the other part with one. Figure 19 illustrates the latter form of 
setup [12]. Two disks or other areas form the comparison fields of 
the target. One eye is allowed to see both comparison fields, and the 
other eye is prevented from seeing one of them. The obstacle to the 
one eye may be a solid (opaque) black shield, or it may be a revolving 
disk (episcotister) with open sectors. This sort of obstruction is only 
partial! it merely reduces the light flux from the one comparison field. 
By such a method the efficacy of various partial reductions can bo 
tested. By reducing the intensity of the opposite comparison field, 
which is seen by both eyes, the quantitative effect of the two eyes 
working together (binocular summation or subtraction) can be 
studied. 

If a setup in which the two eyes can be stimulated independently is 
employed, the image of a bright disk can be placed on one retina, and 
the image of a dim disk on the corresponding area of the other retina. 
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The observer will thus be made to see them as a single disk, since their 
images fall on corresponding retinal areas. It would be expected that 
aflding to the total stimulation by placing an image on the second 
retina would brighten the surface of the originally bright disk, but such 
is not tiie case. The resulting brightness is less than with a single 
eye stimulated and lies somewhere between the brightness of the two 
disks seen individually. This is known as Fechner’s paradox. If, 
however, the two stimuli are equally or nearly equally intense, the 
n^sulting disk is brighter than the disk occasioned by only one of the 
stimuli [9J. 



Figs. 19 and 20. Setups to Indicate arrangements for studying 
binocular vision. 


b Fig. 19, L and R represent the two eyesi T-l and T-2 the two test objects, light from both of 
which reaches the right oye. Light from T-l to the left eye may be partially or totally obstructed 
by on episcotister wedge ^0). In Fig. 20, 11 and £2 are light sources whose efFective intensity is 
determined by their positions In their ebngoted housings. L and I provide for the illumination of 
the surrounds of 1 and 2 in the target. Use light from £1 to part 2 of the target is obstructed by 
a blind tn the lower half of glass P, Light from £2 is reflected by the upper half of P. S and M 
represent any controlling screens or motors to be placed in the apparatus. 


Binocular interaction has also been studied with such a setup, as 
suggested in Fig. 20 [17], By use of this arrangement not only the 
two comparison ureas but also the field surrounding them can be 
varied, and by the episcotister M, light to one eye can be either par- 
tially or totally obstructed. In addition, the factor of Fechner’s 
])ara<lox ami that of the effects of one border upon another can be 
.studied. 

'rh(| effect of the use of two, as compared to one, eye on adaptation 
has also been studied (14]. It has been found that binocular pre- 
adaptation on monocular vision is more prolonged than monocular 
prcadaptatiun on monocular vision, He time required just to be 
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able to discern an object on its background has been studied under 
the several possible combinations of preadaptation and test. The 
longer the time, the slower is the adaptation. 


Visual Acuity 

Whereas brightness discrimination has to do with the factors of 
stimulus area, flux per unit area, total flux, duration of exposure to 
light, etc., in relation to the grosser areal aspects of experience, visual 
acuity, a form of brightness discrimination, is concerned with the 
finer spatial aspects of stimulation and resulting experience. Whereas 
in studies of brightness discrimination mtensity differences are the 
primary objects of attention, in visual acuity finer spatial features are 
the central object of study. The aim is usually to discover how small 
the visual angle between two objects in the visual field may become 
without the objects still being seen as touching each other. To be able 
to see close-lying objects or areas as spatially separate is to resolve 
them. The study of visual acuity is the study of the fineness of 
resolution under various sets of conditions. Resolution depends upon 
many factors, such as general level of illumination, difference in 
intensity between the areas involved, pattern of the field, and duration 
of exposure to stimulation, as well as upon fineness of the retinal 
mosaic, etc. 

Of primary consideration in the usual study of visual acuity is the 
resolving power of the eye, as dependent upon its relative ability to 
form a sharp image and upon the fineness of the retinal mosaic. 
Image formation is by no means a mathematically sharp affair. Such 
factors as blur circles provide for a tapering illumination, rather than 
perfectly steep gradients as boundaries between light and dark. 
Methods for studying visual acuity have had to recognize this fact in 
more and more ways [1, 18]. The retinal moisaic is the grid formed 
by the ends (cross-sections) of the receptor cells and mtercellular 
spaces. It is upon this grid that the retinal image is placed; hence 
“fineness of grain^’ in the retinal mosaic plays a determining role in 
visual acuity. Methods in the study of visual acuity pertain to the 
systematic manipulation of physical conditions to indicate the factors 
which control visual resolution. 

Visual acuity is measured clinically by the use of black letters of 
standard sizes or of the Landolt broken circle (Fig. 3) in a series of 
sizes and positions. Letters which subtend 1 minute of arc when 
viewed at a distance of 20 feet are taken as the normally resolvable 
size. These letters are placed in rows, successive rows subtending 
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smaller and smaller visual angles. Tlie ability to read the letters of 
the small rows indicates better than normal vision. The ability to 
discern only the large letters at a distance of 20 feet indicates less than 
normal vision. If an individual can read at 20 feet only the letters 
which should be read at 40 feet, his vision is 20/40 or subnormal 
according to such crude charts. 

In the laboratory the Landolt broken circle is occasionally employed, 
but the usual target is a pair of bars of different widths, such as Figs. 
21 to 23, or gratings, as in Fig. 24. Even very fine single lines, as in 
Fig. 25, have been used. 



Fig. 21. Fig. 22. Fig. 23. Fig. 24. Fig. 25. 


The factors to consider in the formal measurement of visual acuity 
by bars or liiu's are: (1) the luminous-intensity relation of bars or 
lines and field, (2) size of field, and (3) width of bars. The experi- 
ment may consist in using light bars on a dark field, or dark bars on a 
light field. The use of the two procedures has turned out to be more 
than precautionary, for the results are quite unlike. As in the study 
of brightness discrimination, the size of the field when it is illuminated 
is important. It is obvious that these arrangements (Figs. 22 and 23) 
produce what can be called a glare situation, if the bars are at all 
intense. For some purposes this is objectionable, but the results of a 
setup of this sort are nevertheless important to know. 

Visual acuity, defined &s the reciprocal oj the just resolvable visual 
angle measured in minutes of arc, becomes progressively greater as the 
field illuminated is increased, regardless of whether broken circles or 
gratings are used. The absolute results, however, are not equivalent. 
At low illuminations the broken circle provides for a lower visual 
acuity than the grating. At high illuminations the broken circle 
provides for a higher visual acuity. Somewhere the curves represent- 
ing the two functions cross. Light bars on a dark field provide for an 
increasing visual acuity only until a certain level of intensity is 
reuchetl tin some experiments, between 0 and +1 log photons), 
beyond which a reversal seta in |40]. ’ 

Although it miglit be thought that resolution depends almost if not 
exclusively upon the magnitU(fc of the interspace and the related 


intensity features involved, this is not the case. The width of the 
bars, as well as their separation, is an effective factor in determining 
resolution. Broad and narrow bars (Figs. 22 and 23) do not yield the 
same result [18]. As the intensity of light bars on a dark field is 
raised, visual acuity first rises rapidly. With wide bars the rise 
slowly continues after the initial rapid onset, but with narrow bars 
visual acuity falls again very slowly. This might be explained on 
the assumption that borders interfere with each other. The highest 
visual acuity of all has been recorded with the single lines. Resolution 
of lines w'hich subtended only 0.5 minutes of arc has been recorded. 

It is important in methodology to note that the subjective width 
of bright bars undergoes striking variations during manipulations of 
intensity. The shift in contours of the bars has been attributed to a 
form of irradiation. How this irradiation operates has been the 
subject of study by a number of individuals [40]. 

Color Discrimination 

There are three ways of discriminating color: through its hue, dis- 
tinguishing red, yellow, green, etc.; through its brightness (brilliance, 
tint) ; and through its saturation, the amount of the hue present (deep 
blue as against a blue-gray). These attributes of color have connec- 
tions with two aspects of radiant energy, namely, wavelength and 
flux density. Color may be experienced in several ways in accordance 
with the conditions under which it appears. There are surface colors, 
film colors, and volume colors. In looking through a spectroscope, for 
example, the observed color has a completely different kind of appear- 
ance from the same hue on the surface of objects. The former is a 
film color; the latter is a surface color. Again, the color of some 
fluids has a certain voluminousness that is absent in the other two 
cases; the color seen in looking through a clear fluid is a volume 
color. 

The human eye is not equally sensitive to all wavelengths within the 
visible band. One of the fundamental procedures in the study of 
vision has been the examination of this differential sensitivity. The 
findings are represented in a graph called a visibility curve, or a 
luminosity curve. In obtaining data for this curve, a form of matcli- 
ing is employed. The various wavelengths are adjusted in intensity so 
as to give equal brightness. The reciprocals of these values are 
plotted on a scale of 1.0 to 0, the wavelength with the lowest intensity 
having a value of 1.0. Figure 26 indicates separately the luminosity 
values for scotopic and photopic vision. The scotopic curve is obtained 
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by using only enough light to activate the rod-receptors, and the 
photdpic by using enough light to activate the cone-receptors. The 
actual values are not equivalent in the two curves. The curves show 
only relative values for the different parts of the spectrum, the actual 
values having been converted to a common scale. 



White 



Fig. 27. An example of 
the color solid. 


The next consideration in understanding color perception is the 
ascertainment of the total number of colors perceptible. This is done 
by finding out how many JND’s of hue, brightness, and saturation can 
be discerned. 

Since there are three variables to color experience, an orderly repre- 
sentation of colors can be handled by a geometrical solid. Color 
solids of various sorts have been made. One of the oldest was a 
double pyramid, base to base (Fig. 27). The axis from apex to apex 
represented the brightness scale (achromatic axis). The eomple- 
mentaries, red-green and blue-yellow, occupied the opposing corners. 
Distance from the axis outward to the pyramidal rim represented 
dc'grees of color saturation. Such a solid was an oversimplification. 
Altliough it represented the niOTt general relationship between the 
color variables, it by no means approximated quantitative relations. 

One of the latest color solids is that of Nickerson and Newliall [33] 
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(Fig. 28) . It consists of nine irregular segments of a “cylinder” placed 
one on top of the other. Nine segments were chosen so as to make 
the cylinder compare to the divisions in the brightness (value) dimen- 
sion of the Munsell system, one of the most used classifications of 
color. Each of these value segments is different in shape and size. 
The rims of each represent the hues of the spectrum, and the segments 
are quite eccentric to the value axis. This eccentricity varies pro- 
gressively from one segment to the other, as can be seen in the figure. 

The two basic facts of color which stand out in the color solid and 


B 



The segments from top to bottom ore numbered. The letters surrounding the solid indicate the 
locations of the hues. 

in color systems such as the Munsell are that not all hues may reach 
the same saturation, as measured in JND steps (or multiples thereof) 
and that the maximum possible degree of saturation varies from one 
level of brightness to another for almost all colors. 

The Munsell color system uses the three dimensions of color in the 
following way. In it there are forty subjectively cqui-spaced hues, 
and chips (specimens) of them are arranged on twenty charts, each 
with a hue and its complement. In each chart the chips are arranged 
on a value (brightness) scale of nine subjectively equally spaced steps. 
Horizontally the steps arc of subjectively equal chroma (saturation). 
All chips having the same position on the several charts presum- 
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ably possess the same chroma. Red, for instance, will have more 
steps in the chroma dimension than will the unsaturated hues, such 

as yellow. 

One of the fundamental procedures in color study has been to 
determine the experiential (sensory) results from combining selected 
portions of the spectrum. This has been done by means of the color 
wheel, on which different colors occupy various radial segments. 
When the wheel is revolved, the separate fractions “fuse” and become a 
new color. This procedure has been called color-mixing. Although 



Fig. 29. The optical system of 0 Helmholtz color mixer, such as was used by 

Hecht. 

G ~ ground glass, L « light source, N — a Nichol prism, S = sHt off a collimator, R = Rochon 
prism, and £ = the eye at the exit pupil of the telescope. Portions of the faces of the prism are 
visible ond are seen m contiguous semicircular fields. The whole field has a visual angle of less than 
1.5°, thus stimulating within the rod-free area of the eye. For on explanation of the action of the 
prisms see [24]. 

this is simple as a procedure, it involves complexities not under control. 
The use of surfaces as color sources involves uncontrolled reflectances, 
uncontrolled qualities of illuminants for the surfaces, etc. 

The best analytical way of studying color is with the spectrometer, 
an instrument by which controlled separation of white light into its 
sp{>etral compements (wavelengths) and recombination of them can 
be accomplished. One form of the spectrometer is the Helmholtz 
color mixer, the essentials of which are indicated in Fig. 29 [24] . 

It has been found that normal color vision is trichromatic. Any 
part of the KSpectrum may be matched by a field whose radiation is 
composed of three properly chosen other parts of the spectrum. By 
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the matching technique, defects in color perception have been found 
in certain individuals [28]. Some defects are called color weakness; 
others, color blindness. These defects consist in confusing various 
parts of the spectrum with each other. The individuals with defective 
color vision are roughly as follows; (1) persons who confuse parts of 
the spectrum but who nevertheless require three primary wavelengths 
to make a spectral match (anomalous trichromats); (2) persons who 
confuse large portions of the spectrum and can match any part of it 
with a mixture of only two primaries (dichromats) ; and (3) persons 
w^ho are fully color-blind (monochromats) . 

Dichromats are of three kinds: (a) protanopes, wdio confuse green, 
yellow, and red and match blue-green with white; (5) deuteranopes, 
who also confuse these colors but have a distribution of brightness 
perception much like normal persons; and (c) tritanopes, who match 
a point in the yellow with white. 

Monochromats are of two kinds: (a) the scotopic monochromats, 
those whose brightness sensitivity follows the visibility curve for rod 
vision; and (5) the photopic monochromats, those whose brightness 
vision follows the visibility curve for cone vision. 

Color weakness consists in a reduction in the number of distinctions 
(JND’s) that can be made when tested with spectral stimulation. 
Color blindness is the total absence of ability to discriminate on the 
basis of wavelength. In such cases only intensity discriminations 
are possible. 

Since the eye (the observer) cannot analyze radiation into its 
spectral components, color experience represents an over-all effect. 
There are many different stimuli (colored surfaces, etc.) of complex 
wavelength composition which will elicit the same color sensation. 
Instrumentally, however, the difference in actual spectral composition 
can be detected. 

A usable connection between color sensation and the spectral 
reflectance of surfaces has been worked out. The technique of obtain- 
ing these relations between the spectral stimulus and color experience 
is called color specification. Instrumental color analysis by either a 
spectroradiometer or a spectrophotometer is first necessary. Tlie 
information obtained from these instruments is transformed by means 
of standard data from color-matching experiments. The most used 
system for color specification is based on the supposition that the 
chromaticity (hue and saturation) of the stimulus can be specified by 
the quantities representing the proportions of three primary light 
distributions needed to match the color experience induced by a given 
stimulus. The primaries stated in terms of their intensities are called 
the tri-stimulus values. 
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Intermittent Stimulation 

Any portion of the visual field may be illuminated by radiation 
wliieli fliu'tuates in intensity. If the one phase of the fluctuation 
reachiis zero, the sliiuulation is intermittent. The most common experi- 
mental setup employs a disk target as the fluctuating field, while the 
surrounding field is left unilluminated [1]. Among the more complex 
targets i.s the disk-annulus pattern, in which the disk alternates in 
intensity [8]. The intensity level of the annulus may be set at any 
fixed level or may be systematically varied step by step. The annulus 
level is often halfway between the high-intensity and the zero-intensity 
phases of the cycle. The name of the experience of rapidly fluctuating 
light is flicker. 

In general, the objectives involved in the study of fluctuating and 
intermittent stimulation are the following: (1) to discover the experi- 
ences elicit.t;(l by intermittencies of different rates, when intensities and 
sj)atial feature.s are also systematically varied; (2) to relate these 
experiences to quantitative features of tire stimulus situation; and (3) 
to relate these features to neural events in the visual pathway. 

The salient feature of intermittent stimulation is that the series of 
discrete flashes interrupting darkness gives way to a series of different 
phenomena as the rate of stimulus intermittency is raised. (1) The 
flashes cease to be fully discrete; absolutely dark intervals disappear; 
light begins to fill them in. Finally the experience is one of a con- 
tinuously lighted field. (2) Superimposed on this is an undulating or 
flicker component. As the stimulus rate increases, flicker becomes less 
extreme and more rapid in its undulations; it is said to become “finer.” 
Finally a stimulus rate is reached at which a uniformly bright field is 
seen; all flicker disappears. The “fusion point” has been reached. 
The lowest stimulus rate responsible for this is the critical flicker 
frequency (CFF) . 

Strangely, little attention has been paid to the experiential phe- 
nomena below the fusion point [8]. Most of the work on intermittent 
light stimulation has been directed toward determining and measuring 
the various factors involved in the production of fusion, i.e., measure- 
ments of CFF. It has been found that area of the intermittent field, 
intensity of light, and ratio of the stimulus duration to interval 
between stimuli are the major factors. Various parts of the spectrum 
do not elicit like responses at all intensities. The intensity level of the 
.surround also plays a part. 

It lias been possible to study response to intermittent light in sub- 
human species by the use of certam specific motor reactions of animals 
while on a stationary fiom inside a horizontally revolving drum com- 
posed of vertical' black and white bands {12], 


■The study of intermittent stimulation has been instrumental in many 
ways in disclosing the nature of the photoreceptor process and the 
nature of the neural processes in the retina and elsewhere along the 
visual pathway [12]. The fundamental feature of time as well as 
intensity can be studied to best advantage by variously spacing the 
components in a series of stimuli. Recovery, in addition to excitation, 
can be examined. With intermittent stimulation the onset and the 
waxing and waning of brightness sensation in relation to stimulus 
characteristics can also be studied to advantage. 

One of the oldest generalizations which has come out of the use of 
intermittent light stimulation is Talbotts law,^ which pertains to the 
brightness resulting from such stimulation. It states, in effect, that 
the resulting brightness level is to the brightness level induced by 
continuous stimulation as the fractional time occupied by the inter- 
mittent stimulus is to the continuous stimulation; i.e., if the photic 
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Light-dark relations 


Fig. 30. This figure shows results of varying flash rate with ring annulus 

target. 


Upper left diagram indicates subjective alternation of light and dark phases. Upper right diagram 
shows the same phenomenon. Lower left diagram shows the beginning of overlapping. Lower right 
diagram shows the subjective simultaneity of phases, the dark phase seen through the light phase. 
At still greater flash rates simultaneity is lost and fusion approaches. 


pulse and the “dark” period are of equal lengths, brightness is one-half 
that expected from continuous stimulation. This reduced brightness 
is often called the Talbot brightness. Thought of as a level, it is 
often called the Talbot level. 

Single pulses of light are seen as brighter than continuous light of 
the same physical intensity. This greater effect also pertains, within 

- Talbot’s law can bo stated mathematically, for examplo, ns follows: 


where Ij, is the Talbot intensity; h, the subjective intensity of the same source 
when continuous rather than intermittent; ti, the time occupied by the flash; and 
ti, the time occupied by the dark interval, 
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certain rate limits, to repeated pulses and has been called brightness 
enhancement [1, 21]. 

Aside from brightness enhancement, one of the outstanding phe- 
nomena resulting from subfusion stimulus rates is the existence of 
the dark and light phases of the cycle simultaneously [1] . This occurs 
only when the intermittently illuminated surface is surrounded by 
!i steadily illuminated field, e.g., an annulus. With slowly increasing 
rates of stimulus repetition, the two phases (L and D) can be seen to 
shift from alternation to simultaneity (Fig. 30) . If the rate is further 
increased, this phenomenon (L and jD simultaneity) disappears. While 
the two phases are still seen concurrently, the light phase is a glary 
translucent film through which the dark phase can be seen lying behind. 


The Petteption of Motion 

Studies on the perception of motion involve various senses and are 
of many kinds. Those that involve the visual perception of motion 
may he- divided into three kinds; (1) the use of moving stimuli wdth 
the oliserver stationary, (2) the use of’ successive stationary stimuli 
1-0 give the impression of motion (apparent movement), and (3) the 
use of a moving observer (not necessarily in aviation, but in special 
laboratory experiments) whose relations to well-known objects (earth, 
liorizontality, etc.) are changed. Whereas many investigations of the 
first two general kinds have been performed, study in the third category 
(outside of rotation experiments and aviation) is only in its begin- 
ning. At tlie present time the most common procedures in studying 
visual movement involve two general sets of conditions, those in which 
the stimuli move and those in which they do not. 

It is of fundamental importance to recognize that a necessary 
requisite in eliciting the visual experience of movement is a certain 
kind of differential stimulation of receptor mosaic and that this may be 
accomplished by difference in intensity of stimulation, as well as in 
time. For example, a homogeneously illuminated field, .suddenly 
incrca.sing or decreasing in intensity, induces the visual experience of 
movement. IMtem it is remembered that the retina is graded in its 
sensitivity from fovea to periphery, and when it is assumed from 
certain neurophysiological facts that conduction to the cerebral centers 
varies in accordance W'ith strength of peripheral excitation, the neces- 
sary temporal factors exist to account for the kinds of visual movement 
experienced. 

Oainma movement, the expansive movement seen as illumination 
siuldcnly increases (Fig. 31), can be reversed if the proper target is 


used (see Fig. 32) . If the field is illuminated more intensely at the 
periphery than in the center, the movement will be centripetal, rather 
than centrifugal, when illumination is suddenly increased [1]. 



Fig. 31. Fig. 32. This diagram indi- 

cates a visual field of wide 
angle and of greater inten- 
sity toward the periphery 
than at the center. 

There are many phenomena to be considered in studying the per- 
ception of motion, but they, like a number of other visual phenomena, 
are reserved for Chapter 6 on studying perceptual |)henomena. 


Motor Aspects of Visual Behavior 

Vision as a mode of contact between the organism and its physkal 
surrounds is not fully understood until its motor aspects are considered. 
These motor aspects include the adjustments of the eyes so as to be 
optically adequate and the exploratory and ^'manipulatory’’’^ move- 
ments of the eyes themselves, as well as body posture and, at times, 
appropriate bodily movements. 

Eye-movement cameras of various sorts have been employed to 
record the action of the two eyes in reading and in other situations, 

3 A very greatly neglected factor in the study of vision is the roaming behavior 
of the eVes. Most ideas with regard to vision, i.e., the fineness of visual acuity, 
etc. tacitly assume the eyes to be motionless. Tactile impressions are generally 
gained by moving the sensitive part over the object to feel ‘h’oiighness’' or similar 
properties. The eye does an analogous thing by its own motion. In the hand 
this activity is called manipulation. It is not too far fetched to speak of the 
ocular activity as manipulation, if the essence of the word, in both cases, lies in 
the exploration. 



such as observing apparent movement, or the autokine tic movement 
(Charpentier’s illusion, etc.). These situations generally involve the 
projection of a spot of light onto the eye, from which it is reflected 
onto a recording film and moves in accordance with eye motion. 

By other instrumental setups various measurements of conver- 
gemv and accommodation and their interrelations have been made. 
,A.lthuugh most of these measurements have not been made in psy- 
chological laboratories, they form an important part of what the 
experimental psychologist should know about vision. Instruments for 
this purpose are varied, but characteristically employ lenses and prisms 
for tlie purpose of putting either accommodative or convergence 
demands upon the observer, who is, in effect, instructed to resist either 
blurring or double vision (diplopia) . So-called ergographic procedures 
have been employed in this connection in the study of convergence 
and accommodation [26]. By ingenious manipulation of conditions 
a number of interrelations in function between accommodation and 
convergence have been worked out. 

Pupillary behavior has also been studied. Pupillary diameter has 
l)een measured by several devices. One is an optical arrangement 
which can be adju.sted so that, when the second of two points of light 
can just be seen, a scale is read and the measurement transfonned into 
a known pujul diameter. Other devices include instruments for sight- 
ing upon the eye. A final and much better method is photography. 
This may be cither flash photography to determine pupillary diameter 
at given instants, or ultraviolet or infrared motion-picture photogra- 
phy, which enables one to follow the variations in pupillary diameter 
from instant to instant [9]. It is only by this method that the most 
precise knowledge of pupillary behavior can be obtained. One of 
the problems in pupillary behavior is the question of w'hat parts of 
the retina are effective, when stimulated by light, in inducing a pupil- 
lary reaction {pupillo-motor response, or light reflex). 

Another problem, as was implied, consists in determining the speed 
of pupillary reaction to abrupt changes in illumination level and to 
transient illumination of various durations. It has been found that 
the pupil responds by a change in diameter to a transient dark interval 
and that this response is mediated, at least in part, by nervous paths 
different from the light reflex to transient light stimulation. 

Photographic techniques have indicated that the pupillary light 
reflex is quite highly differentiated [9], In many respects it parallels 
perceptual behavior in quantitative aspects of complexity. For 
example, it parallels the already described Feehner’s paradox in its 
reactions, as can be demonstrated by using the very same experimental 
target arrangement already described to demonstrate Fechner’s para- 
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dox. If the pupils are photographed in infrared radiation, pupillary 
behavior under the low, as well as the high, level of visual stimulation 
can be recorded. As the light falling on one retina is increased, the 
pupils of both eyes constrict. If, after reaching a high level, the light 
in one retina is held constant, and weak light is cast on the correspond- 
ing area of the second retina, the pupils “paradoxically” begin to dilate 
instead of continuing to constrict. With increasing intensity of light 
on the second retina, the dilatation becomes still greater. After a 
certain point in intensity is reached, however, constriction sets in, and 
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Fig. 33. 


by the time that the illumination of the second retina is equal to that 
of the first, both pupils have constricted to a point beyond that reached 
before the second retina was stimulated. This constriction is greater 
than that occurring when all of the same total ainoimt of light is cast 
on one retina. These results are shown in Fig, 33. The curve with 
solid circles pictures the results when a given quantity of stimulating 
light is gradually increased by casting it on one retina. The curve 
indicated by the open circles pictures the outcome wiien the same 
amount of light is used, part being applied to one eye, and part to the 
other. The vertical line indicates the point at which the second eye 
became involved. 

The parallel to Feehner’s paradox consists in tlie fact that increasing 
the total stimulation by adding stimulation via tlie second retina fails 
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tx) increase constriction, decreasing it instead. Only when the stimu- 
laiion of the two eyes approaches equality does the brightness of the 
perceived area or the pupillary constriction become greater. This 
•same pupillary behavior occurs when using non-corresponding retinal 
areas, and even w'hen using two areas of a single retina. Such a 
inetlu){l holds promise for further comparisons between sensations and 
reflexes. 


THE STUDY OF VISUAL MECHANISMS 

Among the objectives of the study of vision is accounting for the 
phenomena that are known tO: occur. The means involved are gener- 
ally spoken of as mechanisms. The mechanisms responsible for the 
phenomena are of interest and significance. For our purposes, these 
mecluinisms lie wdthin the organism itself. 

Interest in visual mechanisms leads the investigator to the study of 
Ihe hiisis for the phenomena in the several categories already described. 
It directs him to physiology and anatomy, and to chemistry and 
[ihy.sics. 

It is evident that, for the most part, adaptation is to be accounted for 
in terms of the photochemistry of the receptors. Differences between 
ad!i])tation in binocular and monocular vision have made it evident 
that the nervous system is also responsible for adaptation. 

The knowledge gained from studies of the discharges of single 
receptor organs [3, 22], as w’ell as studies which disclose how photo- 
receptor systems operate [4], have helped to account for brightness 
discrimination. 

Processes underlying color vision have possibly received more atten- 
(ion as mechanisms than have those underlying any other aspect of 
vision [15j. Theorization regarding color vision has been persistent 
over many decades. Only recently, with neurophysiological techniques 
wliich record retinal activity, is new progress beginning to be made 
in answering some of the fundamental questions upon which any 
understanding of color vision must rest [20] . 

It has been shown that the primary ocular mechanisms upon which 
space perception rests is the differential nature of the images in the 
two retinas [34]. With every eye movement or change in position 
between the object and the observer, the relations between the shapes 
and sizes of the images in the two retinas change and form a basis for 
the experience of object position. What role the innervation of the 
extrinsic eye muscles plays is not yet certain, although it is apparent 
that this role is secondary. As was already pointed out, the perception 

&18 


of motion is dependent upon some sort of temporally differentiated 
excitation reaching the central nervous system, and this can be induced 
by either stationary or physically moving objects. 

Visual phenomena pose molar as well as molecular problems. This 
is to say that explanations aimed at accounting for such problems 
must tell how various parts of the retina, or how the two retinas, or 
even how other parts of the nervous system work together. Theories 
developed to solve such problems are often what are called field 
theories [11] . Field theories are those which describe the system that 
is known to be involved as a complex unit, the activities of the parts 
of which are controlled by laws of the system as a whole. There are 
many phenomena that demonstrate the need for such explanation, but 
as yet little headway has been made in deriving fundamental field laws. 

The phenomena that accrue from casting light on the optic disk or, 
more inclusively, from casting unequal intensities of light on the optic 
disk and the rest of the retina, lead quite immediately to questions of 
underlying mechanisms. It is generally taken for granted that the 
optic disk contains no receptor elements or photically sensitive tissue, 
but certain phenomena still pose questions of optic-disk sensitivity in 
the minds of some investigators. Blind-spot phenomena seem to be 
dependent on spatial features of stimulation in such a way as to come 
into the category of field phenomena. Hence, to study blind-spot 
phenomena is either to study them as examples of field phenomena or 
to study them for their own sake and to attempt to discover the 
mechanisms underlying them. 

Kohler and Wallach [29] have studied ^^figural aftereffects” as 'basic 
explanatory phenomena or as illustrative of some basic mechanism 
or mechanisms in the organism. Although they use perceptual 
phenomena, the ones they select are particularly appropriate for inves- 
tigating aftereffects which provide for theoretical speculation on 
physiochemical mechanisms in the central nervous system. (See 
Fig. 2, p. 171.) 

METHODOLOGICAL SUMMARY 

In spite of its brevity, the foregoing presentation of methods in 
vision should lead the reader to develop some such ideas as the 
following: 

1. That visual sensation is capable of measurement when the experi- 
mental setup is properly planned. 

2. That the measurements pertain to the relations between experi- 
ence and physical conditions in the individuaFs surrounds. 
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3. That such measurements are possible because instructions given 
the subject rule out, or at least greatly minimize, individual differences 
in criteria and other contributive features involved in observation. 

4. That the phenomena dealt with in the various classes of visual 
e.X|.»eriments are products of the specific sets of conditions involved. 
To understand results, the conditions under which the data were 
obtained must be known. 

5. That usable forms of visual observations are comparisons in 
which two features are matched through manipulation of stimulus 
conditions, or one is differentiated from the other by manipulating 
conditions until a just perceivable difference arises. 

6. That the measures obtained (thresholds, etc.) are statistical 
because of the fact that ideal precision is never obtainable. In a series 
of observations aimed at determining a relationship between stimulus 
conditions and experiential outcome, both the stimulus and observer 
change at least enough to provide a series of data differing numerically. 

7. That, because of the fact that the observer is a contributor to the 
experiential end result, not all relations W'hich are important to 
discover li(^ solely between stimulus conditions and experience, but lie 
in ])art between discoverable features of the individual’s organization 
(alignment, attitude, etc.) and the experiential end results. This leads 
us to the study of “perception” as such and to the frequent use, in that 
study, of the organism rather than the physical w’orld as a primary 
reference. 

8. That visitm is not fully understood until the mechanisms under- 
lying it are determined and comprehended. 

9. Last, but not least in importance, that there is much yet to be 
discovered about the basic features of the contact between the indi- 
vidual and the physical world. 
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Chapter 8 


Studying Hearing 

Ernest Glen Wever^ 


In our study of hearing we employ a variety of methods: physical, 
anatomical, physiological, clinical, and psychological. Most problems 
must be approached from several directions at once, with all the tech- 
niques available. Recent years have seen notable developments of 
the methodology in this field. Particularly significant is the growth 
of electronics, which has put in our hands new tools for the production, 
control, and measurement of tones and thereby lias stimulated a 
re-exploration of auditory phenomena. Also tlie develo|)ineiit of higli- 
gain amplification has given birth to a new physiological approach, 
the method of electrophysiology, in which acoustic processes are 
studied in terms of their electrical manifestations. These two types 
of methodology, the electrophysiological and the phenomenological, are 
the ones with which we shall be especially concerned. 


THE ELECTROPHYSIOLOGICAL METHOD [5] 

The electrophysiological method makes use of the fact that all living 
processes have an electrical aspect, and the activities of tissues are 
reflected in a change of electrical state. By recording the electrical 
changes we obtain information on the nature of the organic processes. 

In hearing there are a number of levels at which the electrical 
responses can be studied. They can be observed at the cochlea (see 
Fig. 1), the auditory nerve, and in any of the nuclei and fiber tracts 
of the acoustic system of the brain, up to the temporal cortex. At any 
level we discover the form of the activity, as determined by the 
initiating stimulus and the various transformations that have taken 
place up to that point. The study is practically limited to experi- 

1 Professor of Psychology, Princeton University. 

ms 


mental animals, although in a few instances the effects have been 

(Icinonstrated in human subjects. 

'rhe technical procedure consists of anesthetizing the animal, oper- 
ating upon it to gain access to the tissues concerned, and then placing 



Fig. 1, Diagram of the ear. 


Tbe stippled regions represent bone, and the shaded portions indicate cavities filled with perilymph, 
i xts: round window, o *= ova! window. (After Czermak, from E. Boring, H. Langfeld, and H.Weld, 
Infroducthn io Psychofogy. Reprinted by permission of the authors and John Wiley and Sons. 

an electrode in contact with the active cells or as close to them as 
possible, with a second electrode near by, usually in inactive tissue. 
There will generally be a difference of potential between the tw^o 
regions under the electrodes, and this difference will change when one 

Active 
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Fig* 2. Apparatus for study of audioelectric responses. 

region becomes active. The changes are amplified to whatever degree 
necessary— usually something of the order of 60 to 120 decibels— in 
order to opt'rate a chosen recording device. The specific arrangements 
vary witii the problem at hand, especially in the recording of the 
clcctrocochlear responses and the various forms of nerve action 
potentials. See Fig. 2. 

The eleetroeochlear responses are produced by the hair cells of the 
organ of Corti. We observe them most readily with an electrode on 
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the membrane of the round window, from which there is a good con- 
ducting path formed by the cochlear fluids. The electrode is usually 
a piece of silver foil or some other conductor that is flexible enough 
to maintain a good contact despite accidental movements and yet 
imposes no serious restraint on the membrane. 

'Fhe recording method varies; three instruments ai*e especially use- 
ful, and at times all are ein{)loyed in a single investigation. The 
amplified signals can be led into a telephone receiver or loudspeaker 
and then studied by listening. In this method we simply make use 
of the animal’s ear as a microphone. We stimulate his ear with sound 
and ascertain the character of tlie responses. It is astonishing on first 
experience to find that the stimulating sounds are reproduced with 
great fidelity; indeed, if we select the right kind of ear, e.g., a guinea 
pig’s, we can equal the performance of the finest commercial micro- 
phones. This method is best employed for general exploration and 
(jualitative studies, not for precise, measurements, because the observ- 
er’s ear does not discriminate loudness changes very well. 

A second metliod employs the cathode-ray oscillograpli, where the 
electrical changes are presented as a visible wave (see Fig. 6, p. 410). 
Precise observations of amplitude and wave form are easily carried 
out. A decided advantage is that the equipment will withstand a 
sudden overload without damage. 

A third method employs a wave analyzer, which is a vacuum tube 
voltmeter that can be adjusted so as to be sensitive to a single narrow 
band of frequencies. For a given signal, measurements at a number 
of frequencies will reveal the composition of the potential wave. A 
sample analysis is shown in Fig. 3. 

The cochlear responses, when studied for various kinds of acoustic 
stimuli, give information on the nature of the ear’s activities up to the 
hair cells. The method is useful for a vast number of problems. It 
has been applied in the investigation of the functions of the various 
parts of the conduction mechanism, the nature and locus of distortion, 
the roles of the tympanic muscles, the action of drugs on the cochlea, 
the destructive effects of excessively loud sounds, the comparative 
efficiency of the ears of different species of animals, and many other 
problems. In fact, the method can be used to investigate any function 
of the peripheral mechanism that has to do with the transmission and 
utilization of sound. A word of caution is necessary, however: these 
indications are not synonymous with '‘hearing,” for hearing involves 
processes beyond the cochlea. Thus, for example, the fact that the 
cat’s cochlea gives potentials to tones as high as 30,000 cycles does not 
thereby signify that this animal hears such tones; the matter must 
be investigated further by other methods, as described in Chapter 12. 
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Tlie study of nerve potentials at the auditory nerve or at higher 
levels reejuires further attention to special techniques. The active 
electrode must be placed in intimate contact with the neurons, without 
(hunage to them. Because the nerve elements are left in situ and 
remain closely surrounded by fluids and other tissues, a consideiable 
fraction of their potentials is shorted away; consequently the ampli- 
fication must be greater than that ordinarily required in recording 
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Fig. 3. Analysis of the cochlear response in a guinea-pig ear when stimulated 
strongly With a 1000-cycle tone. 

Tht heights of th© lines represent the magnitudes of the components. The line to the left, marked 
1, represents the 1000-cycle component, the next line 2000-cycle component, and so on. 

impulsion from isolated nerves. The most suitable recording instru- 
ment is the eathode-ray oscillograph. Problems which have made use 
of the auditory nerve responses include the representation of intensity, 
the maximum frequency of nerve impulses, the locus of masking, the 
specifkuty ui the fibers, and others bearing particularly on the theory 
of hearing. 


THE AUDITORY RANGE 

Tile physical vibrations that we call sounds may vary in frequency 
from zero indefinitely upward^ yet tests carried out on any particular 
ear show sensitivity only within a limited range. A determination 


of the upper and lower limits of this range is one of the primary prob- 
lems in the study of hearing. ■ 

The Upper Limit of Hearing 

If we present to the ear a simple sound w^hose frequency is gradually 
raised, we hear a tone that grows higher and higher in pitch until 
ultimately it can no longer be perceived. For a young person of good 
hearing the point at which the tone disappears wall be somewhere 
beyond 20,000 cycles, perhaps around 23,000 cycles, provided the 
stimulus is sufRciently strong. A wx'aker stimulus wall become inaudi- 
ble at a lowmr frequency. The upper limit of hearing therefore must 
be stated, not as a function of frequency alone, but of intensity as 
w^elL This situation may seem to mean that, if the intensity were 
raised sufficiently high, the frequency range would be extended indefi- 
nitely; if w’’e attempt to test this possibility, how- ever, w^ encounter 
a further condition that imposes a practical and final limitation. The 
tone becomes painful, and it is a pain that cannot be ignored. Not 
only does the subject object to it, but if we should persist the ear 
wa)uld be damaged irreparably, as animal experiments have proved. 
We therefore define the upper limit of hearing as the terminal fre- 
ciuency at which pitcli is perceived, for intensities that are below the 
pain or injury threshold. 

Actually w’e do not have as yet any complete information regarding 
the upper limit as thus strictly defined, both because investigation in 
the neighborhood of a pain threshold is disagreeable and somewhat 
dangerous, and because the production of tones of the necessary 
frequency and intensity is physically difficult. Our determinations 
approach the true limit and show^ the region of frequency beyond 
which it lies; and for most ordinary purposes we may be content with 
this approximation. 

Early methods of producing high tones made use of small whistles 
or metal bars. Galton devised a miniature whistle with a variable 
plunger that could be screw^ed in or out to change the pitch, and he 
fitted it to his wa^lking stick so that he could test the reactions of his 
friends and also of the animals he visited in the zoological gardens. 
Unfortunately, Galton’s wdiistle—and the same is true of later 
improvements on it — ^becomes erratic in performance when screwed 
down to a very short length and also is subject to variations according 
to the blowdng pressure. Equally serious is the fact that its tone is 
accompanied by a hiss containing various low^ frequencies produced 
by the rushing stream of air, and a subject's ability to disregard this 
sound in favor of the proper one is often open to question. 
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A steel bar lightly suspended by strings placed about a quarter- 
length frorn the emds will vibrate transversely after being given a smart 
l)]ow at the midpoint. Such bars are known as Koenig bars, being 
namc'd for the famous acoustician and instruinent-iiiakei . A different 
bar must be cut for each frequency. So far as accuracy goes, this 
instrument is decidedly superior to the Galton whistle. The fre- 
cfuency varies slightly with temperature, but this variation can be 
calculated if desired. The noise made in striking the bar is, however, 
a drjiwback. 

Tlu^re are two modern developments of the metal-bar method, each 
of which avoids the noise of striking by employing an electrical form 
of excitation. In one, an electromagnet is mounted opposite one end 
of the bar (which is firmly held at its midpoint), and an oscillating 
electric current is sent through the electromagnetic coils to produce 
j>criodic magnetic attractions. A non-magnetic metal like aluminum 
may be ust^l for tiie bar if an iron disk is cemented to the driven end. 
The periodic stretching of the bar, when carried out at the resonance 
fre(|iK‘ncy, quickly builds up an energetic vibration, which in this case 
is longitudinal rather than transverse. 

A second form of excitation, which also gives longitudinal vibrations, 
employs tlu* princi])le of magnetostriction. Certain metals and metal- 
lic alloys— nickel, cobalt, and especially nickel-iron and nickel-copper 
alloys — undergo a change of length when exposed to a magnetic field. 
If a coil is placed about the middle portion of a rod of such metals, 
and an oscillatory current sent through it, periodic alterations will 
be produced, and by choice of the proper frequency a resonance can 
be established, just as in the electromagnetic method. The electri- 
cally actuated rod has the further important advantage over the 
simple Koenig bar that the intensity can be varied at will by control 
of the electrical in|)ut. 

Given a suitable source of high-frequency sound, the procedure for 
determining the upper limit of hearing is simple. The subject, seated 
comfortably in a soundproof room, is instructed to report at each 
trial whether he hears a tone. The constant-stimulus mode of psycho- 
physical procedure is the most suitable. (See Chapter 5.) 

Because the upper limit generally declines with age and is particu- 
laiiy susc‘eptible the effects of ear disorders, the experimenter should 
make careful record of the age of his subjects, their history of ear 
dis(‘ases, and any present conditiem like hea<l colds, sinus infections, 
or pressure sensations referred to the eardrum. 
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The Lower Limit of Hearing 


For several reasons, as will be seen, the lower limit of hearing is 
more difficult to determine than the upper limit. In the first place 
we need to distinguish between a lower limit of pitch perception and 
a lower limit of frequency at which stimulation occurs. These two 
limits are not the same; the ear is still stimulable by frequencies that 
are below tlie lower pitch limit. The lower limit of |)itcli is tlie prol)- 
lem on which we have the most information at the present time, but 
the other, the stimulation limit, also deserves consideration. 

The experiences that appear on stimulation with pure tones of very 
low frequency are complex in nature, and their appreciation and 
analysis make severe demands on the subject's attention and skill. 
A good deal of preliminary practice is necessary to accpiaint him with 
his task. If the stimulation frequency is set first around a few^ 
hundred cycles per second and then is progressively lowered, several 
qualitative characteristics emerge. The tone first becomes rough, and 
as the frequency is further reduced the roughness grow-s greater. 
Somewdiere in the neighborhood of 30 cycles the roughness grades into 
intermittcnce, a quality in wdiich the separateness of the wave pulses 
is evident. The roughness too becomes greater as the frequency falls, 
until it passes through a maximum perhaps around 15 cycles. Betw'een 
15 and 20 cycles — often around 17 cycles — a new quality arises, called 
a thrusting effect, which is i)artly auditory and partly non-auditory ; 
there occurs wuthin each stimulation cycle a burst of high-frequency 
sound, like a hiss, and at the same time there appear kinesthetic and 
tactual sensations wdiich are referred to the middle ear. At the very 
low frequencies, below about 15 cycles, wdiere no low pitch remains, the 
stimulation is heard as a pumping noise whose pattern is determined 
by numerous high-frequency components. Although only the lower 
pitch limit may be the object of investigation in a given experiment, 
it is obvious that a subject must be aware of these other qualitative 
characters and must analyze the pitch out of the total complex. 
These other phenomena might be the objects of investigation also. 

Low tones of pure (sinusoidal) form are difficult to produce and to 
handle. Sinusoidal currents can be generated by electrical means, 
but not very conveniently, and unless unusual precautions are taken 
their forms will be distorted by the circuits through which they are 
passed and especially by the instrument used to convert them into 
sounds. The most satisfactory apparatus for low-tone production 
is the pistonphone, a miniature pump driven by a crank mechanism 
which converts uniform rotary motion into simple harmonic motion. 



^riu* frcQuoncy is varied by controlling the motor speeds, and here a 
stroboscope nr a tachometer is needed to indicate the speeds. Because 
the motor used to drive the piston is noisy, good soundproofing is 
needed to isolate this part of the equipment from the terminal part, 
whcri.^ tJie t‘ar is ])laced. Also, since some of the motor noise penetrates 
to the \'olume of air on which the piston is working, acoustic filters are 
required to prevent its passage along the line to the ear; these filters are 
of the “low-pass” type and allowy the desired tones to continue 
unabated. The acoustic pressure set up at the end of the acoustic line 
is a simple function of the volume displacement of the piston and the 
total volume of air enclosed in the system, so that a reasonably con- 
venient method of controlling the intensity is to vary this volume. 
Volume eliambers of various sizes may be inserted in the system to give 
the desired intensity. The changing of volume chambers takes time, 
how'ever, so that quick modifications of intensity are not easily pro- 
vided. The .system must he airtight, and the terminal end of the line 
fixed in the external meatus of the ear; with animals a cannula is tied 
into the ear, but witli human subjects a satisfactory junction can be 
made with a tube having a bulbous ending, like the end of a 
pliysician’s stethoscope, and a bit of vaseline smeared on the outside 
to form a seal. 


PITCH DISCRIMINATION 

The dilTeronco limen for pitch is defined as the frequency change in 
a tone that a subject is able to perceive 50 per cent of the time, under 
certain specified conditions. If we designate the frequency of the tone 
by /, then tlu' symbol A/ may be used to represent the statistical value 
of the dilTerenee limen. Tlie ratio of these quantities A/// is called 
the relative difference limen and is especially useful as an indication 
of pitch sensitivity, because throughout the middle portion of the 
range of frequencies it remains reasonably constant. 

Any of the standard psychophysical methods may be used to dctci- 
mine the dilTerenee limen for pitch. (Sec Chapter 5.) The method 
of constant stimuli is generally preferred as the most precise. Accord- 
ing U> this method, the subject is given two tones in immediate succes- 
sion and is called upon to judge the pitch of one with respect to that 
of the other. Several variables in the situation must receive attention. 
They include the duration of the tones, the time interval between the 
members of a pair, the intensity level, the number of ears— whether 
one tu two- with w’hich the subject listens, and especially the region 
of the frequency scale in which the measurements are made. The 
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duration of the tones should be 0.5 second or over, for if it is too brief 
the discrimination will be impaired. The interval between the tones 
is a significant condition, and in general should be as short as manipu- 
lations of the equipment will allow; the longer this interval, the poorer 
the discrimination. The intensity level or, more strictly, the level 
above the subject’s threshold, is particularly important for the low- 
frequency tones, and for these its variations can produce changes as 
great as two- or threefold in the size of the limen, as Fig. 4 illustrates. 
As the intensity is raised from bare audibility, the value of the limen 
diminishes — ^the discrimination improves — ^until a level of about 40 



Level above threshold, decibels 


Fig. 4. Variation of relative difference limen with intensity. 

The curve is for a 250-cycle tone. (After Fig. 6 from Shower and Biddulph [2].) 

decibels above threshold is reached, after which intensity changes have 
little further effect. Ordinarily a level of about 60 decibels is suitable, 
but for the very low and very high tones, for which the ear is relatively 
insensitive, a lower level may be advisable to avoid pain or other 
extra-auditory sensations. The selection of a suitable level usually 
requires exploratory tests on each subject. The numbei of ears used 
is determined by the interests of the experiment and the experimental 
arrangements. If the sounds are made by a loudspeaker in the open 
air, it is more convenient to allow the subject to use both cars; but 
more often a telephone receiver is used as the source, and but one ear 
is stimulated. Discrimination is a little better for _ two ears. As 
already mentioned, the relative difference limen is fairly constant in 
the middle of the frequency scale, but it becomes somewhat larger for 
the high tones, and very much larger for the low tones, as shown m 

Fig. 5. ■ . . , ■ ^ ; ; ■ V ■ 

A comparatively new method for the study of pitch discnmmation 
is the warble method, which is distinctive not only in the mode of 
presentation but also in certain of its psychological aspects [2]. 
Instead of presenting two separate tones of different frequency, this 
method employs a sustained tone whose pitch is made to vary peri- 
ls! 



odically. The subject is required merely to report whether he hears 
a stcafly or a varying pitch. The warble rate, or the rate at which the 
I’ria.iuency is changed back and forth, becomes a significant variable, 
and something like 2 cycles of change per second has been indicated 
as tlie optimal rate. Also important is the manner of switching: 
whetlier abrui)t or gradual. An abrupt change has the disadvantage 
tlud. it converts some of the acoustic energy into various high fre- 
((uencie.s which the subject hears as a series of clicks. A sinusoidal 



Fig. 5. Variation of relative difference limen with frequency. 

All tones were given at an intensity 40 db above threshold. (After Fig. 5 from Shower and Bid- 
dulph 12].) 

form of transition is theoretically the most suitable, as it gives a 
minimum of such transient sounds, and in practice has been found 
satisfactory. With low tones the abru])t changes produce smaller 
limens, but the subject is probably using the transient patterns to 
some e.xtent rather than judging merely on the low tones themselves. 
It is to be e.xjiected that the warble method will give smaller limens 
than the standard methods, because it is easier to judge continuity, as 
against discontinuity, than to appreciate a difference and correctly 
indicate its direction. As yet, however, there has been no systematic 
conifiarison of these two types of procedure. 

For both {>rocedures the electric oscillator is the most convenient 
source of stimulation, and for the warble method with sinusoidal 
variations it is indispensable. In the warble method the frequency 
A ariation is jiroduced by rotating a small condenser in the tuned cir- 
cuit of the oscillator. 

As is usual, care should be taken that the tones are pure, but it is 
reported that harmonics in moderate amounts do not greatly affect 
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pitch discrimination. The lower the frequency region, the more 
serious they would be expected to be. 

LOUDNESS 

The psychological magnitude of an auditory experience is its loud- 
ness, and this dimension varies as a function of several conditions: 
the physical intensity of the sound, its frequency and composition, the 
sensitivity of the ear, whether listening is done with both ears or but 
one, and perhaps others. Let us first consider the physical intensity 
and the problems presented in its measurement and control. 

The intensity of a sound is defined as the rate of flow of wave energy 
through a given region. It is expressed in power per unit area (ergs 
per second per square centimeter or watts per square centimeter) . In 
no practical case, however, do we measure this power directly, but 
rather some other characteristic of the sound from whieli the |)ower 
can be calculated. Measurements can be made of the amplitude of 
movement of the air particles, or the mean velocity of their vibratory 
motion, or the pressure that they exert when they strike a surface. 
A simple but very useful instrument for measuring sound pressures 
is the Rayleigh disk, pictured in Fig. 6. It consists 
of a thin disk, usually of mica, suspended by a 
slender thread. When exposed to a sound, the disk 
tends to turn its surface at right angles to the 
direction of flow of the sound, and from this torque 
the pressure can be determined. 

Because the ear has an extraordinarily extensive 
range of sensitivity it is necessary, if we use abso- 
lute units, to deal with numbers that are rather 
cumbersome. Thus the minimum power that will 
excite the ear ls given by Sivian and White [3] 
as 0.24 X 10“^ ® watt, whereas the maximum that 
can safely be withstood is about 0.023 watt. The 
variation over the intensity range is thus a 
thousand-million-millionfold! For convenience, 
therefore, we often employ a logarithmic scale, 
which compresses this range of numbers into a 
tolerably simple array. It ought to be mentioned 
at once that, however convenient it is to use 
the logarithms of numbers to compress their range, this manipulation 
carries one important restriction — it does away with any true zero 
point. The smallest logarithm that we can mention represents some 
quantity greater than nothing. For this reason it is not altogether 




proper to refer to a series of logaritliniic values as representing a scale; 
more strictly speaking, they are ratios, and as with any ratio we must 
know both quantities that are being compared. In other words, a 
conversion of acoustic intensities into logarithmic terms requires us 
first to choose a reference level; all our ciuantities then are so-many 
logarithmic units above or below that level. 

Although any number of logarithmic conversions are possible, the 
one in current use is the decibel scale. It uses the expression 

Ti 

A = 10 logio 7 ^ 

■<0 

where N is the number of decibels, it the sound power in question, 
/„ is the reference level, and the ordinary decimal or Briggian loga- 
rithms are used. A good many reference levels have been employed, 
so many that it is imperative that in every use of decibels the level 
be explicitly given. Telephone engineers have sometimes used a 
“phonic level” of 1 microwatt. Others, in making pressure measure- 
ments, have chosen a “zero level” of 1 dyne per square centimeter. 
Somewhat more useful for auditory work is a level that approximates 
the human tlir(!sliuld. Unfortunately, though, this threshold is dif- 
ferent for different tones. The threshold intensity for 1000 cycles has 
been used, and also a rather rough average of threshold values through 
the middle of the range has been taken as 0.001 dyne per square centi- 
meter. Again, many experimenters use as a reference point the 
threslnfid intemsity for the particular tone in question, which of course 
is different for each tone and, strictly speaking, varies somewhat for 
every individual subject; the advantage (though a limited one) of 
this practice is that it avoids the necessity of any absolute measure- 
ments. Finally, in an attempt to reduce this confusion, a standardiza- 
tion committee of the Acoustical Society of America adopted a 
“reference intensity” of 10~^“ watts per square centimeter, which is 
expected ultimately to supplant all the others. Table I shows these 
various reference levels and their relations to the ASA standard. 



TABLE I 


Reference Levees foe Sounb-intensity Measitbements 

Designation 

Numerical Value 

Decibels above 
ASA standard 

Phonic level 

10"“® watts 

100 

Zero level 

1 dyne-cm~^ 

73 8 

Mean threshold level 

0*001 dyne-cnT'^ 

13.8 

10()0*eyde threshold level 

2,4 X 10^^® watts’** 

3.8 

ASA reference intensity ■' 

10""*® watte 

0 

* Sivian and White’s results for nsonamral Ustening [31* 






AUDITORY ACUITY MEASUREMENTS 


Measurements of auditory acuity are of two types: the precision 
measurements used generally in experimental investigation, and the 
more rough-and-ready procedures employed for clinical and other 
routine testing purposes. In experimental work we desire the most 
exact indications of the ear’s characteristics and can take the pains 
to control the stimulus thoroughly, train the subjects well, and repeat 
observations systematically according to standard psychophysical 
procedures. In clinical and similar testing the exigencies of the situa- 
tion do not allow so much attention to detail, and a less exacting 
program must be carried out. Despite the limitations the results of 
such tests are of great value, not merely for diagnostic use but also in 
many instances for more fundamental understanding of auditory 
functions. 


The Experimental Methods 

In the study of auditory acuity two arrangements are used. In one, 
which corresponds to the natural method of listening, the source of 
sound is at a distance, and the ears are open. In the other the source 
of sound, an earphone, is fitted closely to the head, and the ear there- 
fore is closed. These two methods give results that usually are 
somewhat at variance, because the ear is mechanically altered by 
closing it. There are other variables in the measurement situation 
also. With the open-ear method the observer may use only one ear, 
the other being plugged. Whether he uses one ear or two, he can 
face the source or take various other angular positions with respect 
to it. In the closed-ear situation, if two earphones are provided, both 
ears may be stimulated simultaneously. For both the open- and 
closed-ear arrangements it is further necessary to make measurements 
of the sound intensity that stimulates the ear, and each arrangement 
presents special problems in this regard. 

Once the physical problems are disposed of, the measurement of 
auditory acuity presents no very serious difficulties. Any of the 
psychophysical procedures may be followed* 


Glinical Testirig: Audbmetry 

The clinical testing methods were developed by otologists for diag- 
nostic purposes. Until recently the procedures and techniques have 


been seriously limited by the instruments available for sound produc- 
iioiL Of the cruder tests, there are the watch test and the whisper 
i)Y Vi rice test, wliich use means of sound production that are readily 
available but subject to little control. Timing-fork tests represent a 
!iotat)le advance, for they use tones that are reasonably pure and, 
wlien handled expertly, give useful quantitative information. After 
it is struck, a tuning fork dies down rapidly and finally comes to rest, 
and if it is struck and then held in a standard mannei, its curve of 
decay is fairly constant. The time that a person continues to hear it 
tluis can b(} used as a measure of his acuity at that frequency. 

TIk,* most mod(‘rn methods of clinical testing, with which we shall 
1 k^ (*hi<\fly concerned, employ electrical means of generating and vary- 
ing tones. The electrical apparatus for this work, when assembled 
in one unit, is called an audiometer, and the technical procedures in 
its ust‘ constitutes tlie special field of audiometry. 


Air-cx>nduction Tests 

Audiomet(‘Vs are designed primarily for tests by air conduction. 
They consist, of t wo main parts, an electric oscillator, which generates 
oscillating currents, and a resistance network or attenuator, which is 
us(‘d to control the power that is fed to a telephone receiver over the 
subject’s ear. The oscillations cover a considerable frequency range, 
s{)metinK‘s almost, the whole audible scale. In some instruments there 
are only fixed stejvs of frequency, whereas in others a continuous 
variation is jmssible. The Council on Physical Therapy of the 
American Medical Association has specified that, if fixed frequencies 
are provided, they shall include at least the following seven octave 
tones: 128, 256, 512, 1024, 2048, 4096, and 8192 cycles per second. 
Some instrunamts provide in addition some of the seraioctave or some- 
times smaller intervals, and it is especially desirable that they be 
included in the frecjuency region above 1024 cycles. 

The ()ut|)ut into the receiver, when in its usual position on a sub- 
ject’s ear, is calibrated for each individual frequency in decibels above 
a ‘'normal” threshold for that frequency. Each instrument maker 
has done his own calibrating and has used for the purpose a rather 
limited number of subjects. Consequently, the calibrations do not 
r(*preseni the "normal” for the population at large, and of course they 
vary tor «lifi‘erent makes of audiometer. A good many data are avail- 
able, liowever, lor the more popular models of audiometers to permit 
correction of the dial readings; but, on the other hand, the alteration 
and discontinuance of models make many of these results obsolete. 


The receiver is usually provided with- a soft rubber ■ cushion, which 
not only makes it more comfortable against the ear but also gives 
a more soundtight contact. For ordinary testing the subject Iiolds 
the receiver in his hand and adjusts it by trial to give an of)(iimim 
signal. Ordinarily, intensity steps of 5 decibels are provided. 

The intensity range usually varies for each frequency, partly on 
account of variations in the output of tlie receiver and [jartly on 
account of variations in sensitivity of the ear. It is desirable to pro- 
vide sufficient range to reach the pain threshold at any frequency in 
order that persons with a grave degree of deafness may be tested, but 
no present instrument does so. Most fall short of this need at both 
ends of the frequency scale. 

For a test of hearing, a soundproof room is highly desirable but 
must be dispensed with at times, either because it is not available, or 
because patients are severely ill and cannot be moved. In these 
events the examiner must make the best of existing circumstances, 
perhaps by selecting a time of day when the level of disturbing noise 
is low. A notation is made on the record to indicate the conditions 
under which the test was carried out. 

In making the test, it is best to have the subject choose his better 
ear, if he has any preference, and to begin wuth a tone of medium 
frequency. This tone is set at an intensity that is expected to be 
easily audible, and the subject is required to indicate by word or 
signal whether he hears it. It is then reduced a step at a time until 
it is no longer audible. Then a setting at an even lower intensity is 
given, and the intensity raised by steps until the subject reports that 
he hears the tone. Another descending series, and then an ascending 
series, will ordinaxily complete the test for this tone, unless inattention 
and inconsistency call for more trials. Flere the training and judg- 
ment of the examiner weigh heavily, especially with very young and 
with very ill subjects. 

If the subject is properly attentive, the judgments will be so con- 
sistent that there is little question of the location of the threshold; 
the reason is that intensity steps of 5 decibels arc large in relation to 
the difference limen for intensity, and if one step is barely heard, the 
next lower will commonly be inaudible. The examiner forms a 
“guessed avei'age^’ or judgment of the threshold and records that single 
figure. 

This same procedure is then carried out in turn on the remaining 
frequencies, and the whole performance repeated for the other ear. 
All the data, when plotted, constitute an audiogram, as illustrated in 
Fig. 7. In this figure the zero line represents the “normal/’ according 
to the instrument’s calibration, and distances below the line show the 
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iuuounts of hearing impairment. One curve, as indicated, is for the 
right ear, and the other for the left. 

When tliere is a considerable difference in the acuity of the two 
ears, it is necessary to use masking in the better ear to exclude it from 
operation. Otherwise, since there is always some leakage of sound 
thi'ough the air from the receiver to the other side of the head, and 
also some conduction tlirough the skull itself, the sound may reach 
the bette-r ear in sufficient intensity to give a false perception. This 
eifect ].-< ,>^trikingly shown in persons who have suffered a complete loss 
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Fig. 7. Audiometer curves. 


of hearing in one car. An audiogram can bo secured on the deaf ear, 
which actually is only a “shadow curve,” representing the acuity of 
the good ear ns rerlueed by the “shadow” of the head. Figure 8 shows 
such a curve, along with the true acuity curve of the good car, and it 
will be noted that the shadow curve follows fairly closely the form 
of the other but lies about 60 decibels below it. This means that 
60 decibels i.s the amount of attenuation offered by the head under the 
conditions. Sometimes, when the receiver does not fit well over the 
ear, or the rubber cushion on the receiver is omitted, the leakage is 
greater than this, and the curves will be closer together. The neces- 



sary amount of masking varies somewhat in every test, for it is a 
function of the acuity itself. It must be sufficient to prevent hearing 
of the cross-conducted sounds, yet must not be so great as itself to 
cross over to the tested ear and impair its performance. The usual 
course is to test both ears without masking and then to repeat the 
measurements on the poorer ear, with the better ear masked with a 
sound that is about 40 decibels above its threshold. 
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Fig. 8. Shadow curve. 

The best type of sound to use for masking is a noise made up of a 
very broad band of frequencies. Such a noise is effective and at the 
same time (because it is qualitatively very different from the test tone ) 
occasions the least disturbance to perception in the ear which is being 
tested. 


Bone-conduction Tests 

It frequently happens that a test of a person’s hearing in the usual 
manner, by air conduction, reveals an impairment of acuity, yet a test 
by bone conduction shows that the cochlear endings and nervous 
elements are functioning normally. A bone-conduction test consists 





of the application of acoustic vibrations to the skull, through which 
tliey are conducted to the inner ear. By this route it is possible to 
stiuiiilate the ear in spite of obstructions or interruptions in the usual 
f'iatli of i.ransmission through the middle ear. 

Most bone-conduction tests have been carried out with tuning forks. 
1 .lie st(‘ni of the vibrating fork is held firmly against the mastoid bone, 
just beliind the ear. Most recent models of audiometers are provided 
with a bone-conduction receiver, which is a mechanical vibrator 
actuated by the oscillating currents. This receiver has an advantage 
over the tuning fork in affording good control of both frequency and 
intensity. Its calibration curve will be quite different from that of 
the air-conduction receiver. 

Both tuning forks and mechanical vibrators suffer from certain 
limitations. It is difficult with both to secure the amplitude of 
vibration (jften needed without so overburdening the instrument that 
it seriously distorts the sound produced. Also, both radiate a good 
d(ail of eiu'rgy into the air, and the examiner must be alert to the 
liossihility of stimulation by air conduction. This air-condiieted 
sound may not be troublesome if air-conduction acuity is low for both 
ear.s, but it is a possible source of error if only one car is so affected. 

Momentarily slopping the meatus will often give a clue as to whether 
ernif from tins sourc'c is present, but the tests ought not to be carried 
out with the (^ars closed, as this closure will affect the bone-conduction 
acuity. 

Tlie pressure with which the instrument is applied to the mastoid 
shoul<I 1)0 as constant as possible; there is more danger in too light 
pressure than too heavy, but care must be taken not to use one that 
will be painful. 

A special difficulty appears when bone-conduction tests are attempted 
with tlie low frequencies. The stimulus will give tactual sensations 
as well as sounds, and an inexperienced observer may mistake one 
for the other. A few trials with the vibrator placed elsewhere on the 
body, say over a bone on the hand, aids in the desired discrimination. 

Masking is even more important in bone-conduction tests than in 
air-conduction tests. Vibrations applied to one mastoid bone are 
readily conducte<l across the head, and they reach the opposite ear at 
a level little lower than that at the ear it is desired to test. The 
opposite^ <air, therefore, must be excluded by masking. This masking 
is always produced l)y an aerial sound, and the usual precautions arc 
necessary to prevent its leakage to the ear under test. 

In boiH‘-conduction tests it is difficult to ascertain in preliminary 
trials which is the better ear. Accordingly, it is advisable to make 
the measurements on each ear while masking tlie other. 


The Upper Limit of Loudness 

Acoustic stimuli, when raised in intensity, eventually reach a level 
at which their effects are not w'holly auditory. They excite a variety 
of other sensations, which vary somewhat with the frequency. At low 
frequencies excessive stimulation arouses tactual and kinesthetic sen- 
sations, which are referred to the middle ear, and also labyrinthine 
effects, w^hich include dizziness, nausea, vague bodily sensations, and 
sometimes eye and head nystagmus. Middle frequencies give rise 
to tactual sensations, which are more of a pressury quality, and also 
sensations of pain. High tones have similar effects, with perhaps 
more emphasis on pain. 

In the past, attempts have been made to determine one curve as an 
upper limit of loudness in order to guide the design of hearing aids 
for the deafened. The foregoing description shows that there is no 
one curve which forms this boundary, but a family of functions, one 
for every sensory quality. The determination of these functions 
remains to be made. The subject will need to be trained to recognize 
each sensory quality even when it appears in a complex of others. 
Then a determination, according to the usual psychojdtysical pro- 
cedures, can be made for this quality at each frequency at which it 
appears. 


Loudness Discrimination 

Methods for the study of loudness discrimination parallel those used 
in the discrimination of pitch. There are two types. The more usual 
is one in which two discrete, steady tones are presented, one at greater 
intensity than the other, and the subject makes a relative judgment. 
Here, as with pitch, the variables of frequency region, intensity level, 
duration of the stimuli, and especially the time interval between 
stimuli must receive attention. The second method is the warble 
method, in which the intensity is varied at a determined rate, and the 
subject is asked to report whether he perceives a steady or a wavering 
sound. The rate of warbling is of course a factor, and, according to 
Ricsz [1], the optimum discrimination appears with a rate around 
3 per second. As would be expected, this procedure gives smaller 
limens than the irther, in which the subject must report the direction 
as well as the presence of a change. 




Equal-loudness Curves 

The task of comparing the loudness of tones which differ in fre- 
quency might be compared, in character and difficulty, to the problem 
of hetcrochromatic photometry. The equating as to loudness of 
simsations of different pitch is one of the most trying exercises that 
can be given a subject. Certainly intensive practice in this type of 
judgment is essential, and even then the task will never be carried out 
witii much comfort or confidence. Therefore, to aid the subject and 
stabilize his judgments it is desirable to modify the usual psycho- 
physical procedures somewhat, and to use a considerably broader range 
of stimuli than would ordinarily be considered necessary. The rela- 
tively easy judgments that will appear from time to time will fortify 
the subject’s confidence and tend to prevent alterations in his criteria 
of judgment. 

In the past., particular interest has centered on the equation of the 
loudness of various tones with a standard tone of 1000 cycles. The 
loudness of the lOOO-cycle tone is used as a scale by which the loud- 
ness of any tone can be designated. The loudness level of a tone is 
then referred to as the ec|uivalcnt loudness of the lOOO-cycle tone; 
specifically it is the number of decibels above the reference intensity 
thati a l(K)0-cycle tone must be raised in order to be judged equal to 
the tone in question. The reference intensity is 10“’ ” watts per square 
centimeter, or sometimes the lOOO-cycle threshold. 


INTERAaiON PHENOMENA 

A number of phenomena result when two or more simple tones act 
upon the car simultaneously. Some of these are beats, combination 
tones, and masking. 


Beals 

In the observation of beats two oscillators are used, tuned to some- 
where near the same frequency. Both may be operated into the same 
telephone receiver, but it is better to use two receivers in order to 
avoid any electrical interaction between the oscillators. Both the 
tones are conducted to one or to both of the subject’s ears (not to 
separate ears, as this arrangement will not produce beats). The 
intensity of the stimuli will have to be adjusted to somewhat the same 
level for greatest perceptibility of the beating. 


The quality of the experience varies with the beat frequency. It 
also varies with the frequency region from which these stimuli are 
taken, and to a lesser extent with the loudness relation. At low rates 
of beating there is perceived a slow waxing and waning of loudness, at 
higher rates a pulsing or pounding in which the sound seems to come 
ill sudden thrusts, and at still more rapid rates only a sort of rough 
whirring in which the individual cycles of variation can no longer be 
distinguished. 

The upper limit of perception of beats naturally depends upon the 
c|ualitative criterion selected: if it is the pulsating or intermittent 
quality described as the intermediate stage, the limit will be lower 
than if the whirring or roughness characteristic is chosen. In deter- 
mining the limit, according to any criterion, the general intensity and 
also the intensity ratio are adjusted so as to provide the most favor- 
able conditions for observation, A fairly high level of intensity is 
desirable, and a ratio that keeps the loudness of the two components 
somewhat near ecpial. The frequency region is an important variable; 
the higher this region, the higher is the limit of perceptible beats. 

At high levels of stimulation two or more beat rates may be present 
at the same time, and the subject will need to differentiate them. He 
does so both by the perceived rates and by loudness cues: the more 
rapid beats are fainter. 

It is generally claimed that in the slower beats there is a periodic 
variation of pitch as well as of loudness, and the observer must be 
prompted to report this qualitative change along with the others. 

Combination Tones 

Much the same stimulating conditions as described for beats will 
give combination tones, when the difference in frequency of the two 
tones is sufficiently large-— perhaps 30 cycles or more, Tliese tones 
appear in addition to the two primary tones, as products of their 
interaction in the inner ear. There are a great many of these 
interaction products, with frequencies indicated by the following 
expression: 

7nh ±: :nl , ■ 

where h is the frequency of the higlier stimulus tone, I is the frequency 
of the lower stimulus tone, and m and n are simple whole numbers; 
the bar above the expression indicates that the absolute value of the 
quantity is to be used. We distinguish two classes of combination 
tones, called difference tones or summation tones; the difference tones 


are those that arise when we use only the minus sign in the formula, 
and the siimmation tones when we use the plus sign. The multipliers 
w and n take all integral values from 1 on; but as they grow greater, 
the magnitude of the resulting combination tone falls off rapidly, so 
that practically only the lower values or orders of combination 
tones need be considered. The order [6] of a combination tone is 
determined by the size of both ni and n; it is defined numerically as 
m + n - 1. For example, if m = 2 and n = 3, the combination tone 
is either 2/i + 3t or 2h - and since m + - 1 = 4, we have a sum- 

mation or difference tone of the fourth order. 

Three methods have been found useful for the study of combination 
tones. The first is smvple listening, in which the subject seeks to 
ijereeive and identify some one of the interaction products. This is 
a tiifficult matter, comparable to an identification of the several notes 
eomi)rising a musical chord, and requires special talent and training. 
The task is aided by a judicious selection of the frequency region for 
the primaries, in order to throw the combination tone into a part of 
the auditory range in which the subjects sensitivity is high, and also 
tt) get its freciiiency as far away from the primary frequencies as 
possible. It is aided also by variation in the intensities of the prima- 
ries, ti'ie manner of which can be determined only by trial, as it depends 
in part upon the particular sensitivity function of the subject’s ear. 
For rough guidance it may be said that each primary must be raised 
in intensity as m or n increases in the expression for the combination 
tone sought for. Further, it is practically essential that the subject be 
presented from time to time with a tone corresponding to the frequency 
of the combination tone he is to listen for. 

The second is the exploring tone method. It employs a third tone, 
in addition to the primaries, which is adjusted to a frequency a little 
different from that of the expected combination tone and therefore 
gives beats with that tone. It is varied in intensity to make the beats 
as marked as possible, which, it is assumed, happens for equal loud- 
ness of the combination tone and exploring tone. The intensity of 
the exploring tone then can be used as an indication of the effective 
magnitude of tlie combination tone. 

A third method employs the electrical response of the cochlea and 
so far has been practicable only in animals below man. When the 
stimulus is two pure tones, a vast array of combination tones is found 
ill tlie potential waves generated in the cochlea. The study is made 
will) a wave analyzer, an instrument by which a component of any 
desired frequency can be measured in isolation. At high levels of 
stimulation tlie greater part of the stimulus energy is transformed 
into overtone and coinbination ton© frequenciesi and scores of com- 
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ponents, including some as high as the twentieth order, have been 
observed. Only by this method has anything approaching the full 
pattern of combination tones been revealed, and their functional 
relations to the stimuli worked out. 


Masking 

When two tones similar in frequency but considerably different in 
intensity are applied simultaneously to the same ear, only the stronger 
will be heard ; the weaker is said to be masked. The study of masking 
in its simplest form is essentially the determination of thresholds for 
a given tone in the presence of another that in successive determina- 
tions is varied systematically in frequency and intensity. We can 
study masking also for complexes of tones and for noises. 


THE LOCALIZATION OF SOUND 

When we perceive a sound under natural conditions, we nearly 
always localize it in space. This aspect of perception logically may 
be considered as involving two features, direction and distance. 
Experimental methods have been developed for the determination of 
the accuracy of our judgments of these features and also of the cues 
employed. 

Investigation soon shows that most of our cues are secondary, 
involving the perception of likely sources of the sounds we hear and 
inferences made from the character of the sounds. When we exclude 
these secondary or inferential cues and rely upon hearing alone, we 
find our perceptions considerably reduced. They are even more 
reduced when the head and the perceived object are kept stationary. 
We then have left only the ability to judge direction along the right- 
left dimension, based upon differences in the stimulation of the two 
ears [8] . Let us consider first this static function. 

Two general procedures have been employed for the study of local- 
ization as a function of binaural differences. One, the more natural 
method, consists in listening, with both ears, to some source of sound 
that is a little distance from the observer and can be moved to various 
positions. The observer is prevented from using visual or other ntm- 
auditory cues and must depend on the binaural stimulation alone to 
judge the location of the sound. 

An instrument called the sound cage is often used in this procedure. 
The observer, blindfolded, is seated in the center of a metal frame- 
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work that represents several circles or parts of circles on the surface 
of an imaginary sphere, and a sound source, usually a telephone 
receiver, is moved to various positions along these circles. After a 
sound is produced at any desired point, the observer must indicate the 
angle from which it seems to come. He may make his judgment 
known by pointing or by verbal reference to some schema. 

This natural method suffers from certain disadvantages. Control 
of the stimulus is a difiBcult matter. A sound produced in the manner 
indicated, in an experimental room, will reach the observer’s ear not 
only by the direct path, but also circuitously after reflection from the 
walls or near-by objects. These reflected sounds have various, and 
usually unpredictable, angular positions. The pattern of stimulation 
is extremely complex, and even if its character were knowm it would 
present too difficult a problem for the observer to deal with. Reflec- 
tions can be reduced by treating all surfaces with sound-absorbing 
materials, but ordinarily it is not practicable to carry this treatment 
far enough to eliminate them altogether. AVhat is needed is to sus- 
pend the observer in free space and to make the stimulating equipment 
so unobtrusive as not to disturb the sound field. An approach to this 
condition is obtained by working on a high, flat roof, preferably with 
the observer elevated on a pedestal of some kind, and locating the 
sound souixie on a slender arm that can be given various positions. 

A more serious disadvantage of the natural method is that it presents 
various binaural cues all at once and does not reveal wdiich ones are 
operating at any given time or how they may be interacting. With 
pure tones as stimuli, three kinds of cue are possible: differences of 
intensity, time of incidence, and phase at the two ears. With complex 
tones there are also differences of timbre; they arise because the head 
casts more of a sound shadow for high frequencies, and hence the ear 
away from the sound will hear it with the high components relatively 
unfeebled. The method can tell us wfliat our capacity for localization 
is under usual circumstances but will not provide an analysis or 
explanation of the process. 

In the second method the physical conditions are under better con- 
trol, and the binaural cues can be studied one at a time. The two 
ears are stimulated separately by means of telephone receivers or 
tubes through which the waves are conducted. The experimenter can 
determine as accurately as he will the character of the binaural pattern. 
It has been customary to vary one kind of cue at a time and to keep 
the others constant (or try to), but there is no great difficulty in pre- 
senting any sort of combination of cues by this method. 

In the early developiaeat of this method, sound-conducting tubes 
were used for separate stimulation of the ears, and by various manipu- 


lations a cliange was made in the stimuli reaching the ears. Partially 
obstructing one tube, for example, by pinching it, will reduce the 
intensity on that side. Changing the length of one tube is usually 
designed to alter the phase relation, but unfortunately this manipula- 
tion does other things too. By altering the resonance characteristics 
of the tube it changes the intensity ; and of course, if time is considered 
apart from phase, it alters the time relation also. 

The use of telephone receivers on the ears is much to be preferred. 
The electrical circuit which actuates the receivers can be adjusted 
so as to give any desired change of intensity, time, or phase, independ- 
ently of one another. Intensity is controlled wdtli attenuators, one 
in a branch of the circuit leading to one ear, another in a second 
branch to the other ear. Time can be controlled with mechanically 
operated switches. Phase control involves a special circuit in which 
resistance, capacitance, and inductance are altered. An electrical 
method can also be devised for control of the character of a complex 
sound: a filter network of the low-pass type may be inserted in the 
circuit to one receiver to reproduce the differential screening action 
of the head. 

One further measure is advisable in the use of this method. Since 
two telephone receivers may not have identical electrical and mechani- 
cal characteristics, it is desirable to pick up the sounds as they actually 
appear at the two ears and record them on an oscillograph. By this 
means we may check our manipulations and be certain that the desired 
differences are present. 

Whichever of the foregoing procedures is used, the observer's task 
is simply defined. Although his ears are stimulated differently, he 
ordinarily hears but one sound. Subjects often report \?hat is called 
a ^'sound image’^ or “phantom,” which may be purely auditory but 
more often has a visual character also, and they perceive this image 
at a more or less definite point in space. 

In indicating the angular position with respect to the observer, for 
both the true location of the sound source and the observer’s judgment 
of it, we employ sucli terms as a^iimuth, altitude, or angle of elevation. 
Azimuth refers to position in the horizontal plane. Altitude and angle 
of elevation refer to position with respect to the vertical axis; they 
are defined as the vertical angle between any position and the horizon. 

When either the object or the head is permitted to move, we add a 
dynamic factor to localization. We are able to integrate cues over 
a period of time and thereby increase their significance and reliability. 
We are able also, by tipping the ears out of their usual horizontal 
plane, to enlarge the scope of operation of the binaural differences [4] . 

When the sound is of constant character and familiar to the subject, 
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we can demonstrate certain limited capacities for the judgment of 
distance. As we know from common experience, sounds grow faint 
as they become farther away. Under natural conditions, however, 
diis fimction is interfered witli by reflections, which upset the relation 
of intensity and distance. To study the phenomena exactly requires 
fi'ee-space conditions or as near an approximation to these as possible. 
If a complex sound is used as the stimulus, attention should be given 
to the possibility of timbre cues in this situation, for even in free space 
the dill'erent frequencies are not transmitted quite equally, and the 
presence of obstructing objects may cause significant modifications 
of the wave composition. 


EPILOGUE 

The for(‘going i)ages have introduced the techniques and procedures 
for d(»aling with the more fundamental prol)lems in the field of hearing. 
It has been shown that with the refinements of apparatus that recent 
electronic devolt)i)ments have provided we can produce and handle 
all kinds of acoustic stimuli and do so with a precision heretofore 
unknown. 

In our enthusiasm over our material equipment, however, we must 
not lose sight of our other problems — of the more strictly psychological 
matters of the control of the subject’s attitude, his criteria of judgment, 
and the psychophysical procedures required for systematic measure- 
ments, In this area too, by a slow growth over the years, we have at 
our disposal a wealth of technical knowledge. Finally, through recent 
physical developments, we have the electrophysiological methods, 
which have opened up new fields of investigation and already illumi- 
nated many problems formerly obscure. We can look to the future 
for a continuing expansion of our understanding of hearing in all its 
aspects. 
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Chapter 9 


Studying The Skin Senses 

William Leroy Jenkins^ 


Biologically tlic skin senses are more important to the human being 
than is either sight or hearing. The blind man and the deaf man 
are nuauly handicapped, but a man totally without skin sensitivity 
would have a [ioor chance to survive at all. Pain guards the body 
from extta'iial injury. The temperature senses act as external thermo- 
stats in the vital task of regulating the temperature of the blood. 
Even tou(‘h, although less essential, provides a critical aid in darkness. 
Yet, compared with sight or hearing, the skin senses have attracted 
relatively little attention, and they remain a rich field for further 
investigutiim. There are three persistent problems of major interest, 
and most rt'search teclmiqucs have been directed toward their solu- 
tion. These problems concern tlie number of skin senses, the nature of 
the I'eceptors and receptor processes, and the measurement of the actual 
maimer of their stimulation. 

In connection with the number of skin senses, touch, pain, warm, 
and cold are commonly assumed to be the four basic ones, but this 
view has not hvvii universally accepted. Many years ago Head [41] 
proposed two se})arate cutaneous systems, the epicritic and the proto- 
pathic, each having a separate set of four senses. Katz [30J sug- 
gested a separate vibration sense, independent of touch. At the other 
extreme, Nafe [35 J would like to reduce warmth, cold, and some kinds 
t)f pain to semsations from dilating and constricting blood vessels, thus 
eliminating these as separate vskin senses. The problem is further 
complicatcHi by the presence of deep pain and deep pressure sensi- 
tivities, wliich are difficult to distinguish from the strictly cutaneous 
reactions. 

In regard to the nature of the receptors and the way in which they 
work, mapping the skin with small stimulators shows that there are 
points of liigh sensitivity— the warm, cold, pain, and touch spots— with 
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relatively insensitive regions in between. It has often been assumed 
that each of these spots corresponds to a single receptor. However, 
direct microscopic study fails to confirm this simple theory, and 
indirect evidence suggests that the situation must be much more 
complex. 

As to the actual nature of receptor stimulation, it is evident that 
mere description of external physical stimuli is insufficient. The 
critical questions are: What happens in the skin itself wdien it is 
stimulated? How is the skin distorted to produce an experience of 
touch or vibration? What are the significant temperature changes in 
the tissues which accompany sensations of warmth and cold? We are 
concerned with such questions as these when deal with the problem 
of the actual nature of stimulation. 

There are, of course, many additional phases of skin sensitivity 
which invite study. Some are peculiarly cutaneous problems, e.g., 
the accuracy with which a stimulated point can be localized, the mini- 
mum distance at wffiich two points can be sensed as separate, and the 
limits in discriminating the size of objects pressed against the skin. 
Some of these problems involve routine measurements similar to those 
made for the other senses, such as reaction times, adaptation times, 
stimulus limens, and difference limens. Still otliers deal with the 
perception of form, pattern, and movement by the skin senses, includ- 
ing illusions which are strikingly like those in vision. 

In this chapter, methods related to the three basic problems are 
covered first, and then other problems and methods are briefly dis- 
cussed. Finally, the various ways in which the skin can be stimulated 
are summarized. 


METHODS OF SEPARATING THE SKIN SENSES 

The problem here is essentially to detennine the number of skin 
senses by experimentally dissociating them. This can be accomplished 
in a number of ways; by anesthesia, by cutting or blocking a nerve, 
by mapping after removing successive slices of skin, and by estab- 
lishing differential chronaxies. 

Disappearance and Recovery under Anesthesia 

Under local anesthesia, warm, cold, touch, and pain do not disappear 
and reappear all at the same time, but straggle out and straggle in 
again. To anesthetize a section of skin, the most widely used method 
is electroendosmosis [9]. A pad saturated with novocain or some 
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similar anestlietic is placed on the skin. On top of the pad is fastened 
the active metal electrode. A large metal plate or a vessel of salt 
solution is applied to some other part of the body as an inactive 
olectrodo. Direct current of low amperage i.s employed to drive the 
auesthidic into the skin. Sensitivity to warm, cold, touch, and pain 
stimulation is tested at intervals during the process of anesthetizing 
itiul again during the recovery pei’iod. 

Althougli investigators do not wholly agree on the exact order of 
disappearance and reappearance, some dissociation has been found 
in every case. In general, warm and cold go out first and come back 
last. 


of the dissociation of touch and warmth during recovery after alcohol 
injection. Eflects of shorter duration may be obtained by injecting 
novocain around a nerve, by blocking a nerve with pressure, or by 
cutting (tff the blood supply with an inflated rubber cuff. When novo- 
cain is injected around a nerve {6}, recovery occurs over a matter of 
hours. All these methods bring about some measure of dissociation, 
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Regeneration after Nerve Section or Nerve Block 


Complete loss of sensitivity followed by long-delayed recovery may 
be prodmred by cutting or crushing a nerve or by injecting it witli 
alcohol. Alcohol injection [31] has the double advantage of requiring 
no surgery and leaving no permanent injury. Figure 1 shows a sample 


• •••No warmth 


— No touch 


Fig. K 


Dissociation of warmth and touch during recovery from nerve block 
by alcohol injection. (Adapted from Lanier [31].) 


although the exact order of reappearance varies with tlie method 
employed. 


Removirig Successive Slices of Skin 

An interesting if somewhat heroic method was developed by 
Woollard [51]. He first mapped an area on the thigh, exploring the 
region systematically with small stimulators to locate the points of 
maximum sensitivity to cold, touch, and pain. These cold spots, 
touch spots, and pain spots he marked on a map of the area. He 
then removed five successive thin slices of skin. After the removal 
of each slice and after healing had occurred, he retested the area and 
made comparisons with the original map. Again, some dissociation 
was evident. 


Measurement of Chronaxies 

Chronaxy is the minimum time for a current of double the threshold 
strength to produce a clear sensation of warm, cold, touch, or pain. It 
is measured with a device which delivers a very brief but accurately 
timed pulse of electrical stimulation, for example, by the (lischarge 
of a condenser. Different chronaxies are found for warm, cold, touch, 
and pain [28, 29], thus supporting the idea of four separate skin senses. 

The general preponderance of evidence seems to favor the existence 
of four cutaneous senses: warm, cold, pain, and touch, and there 
appears to be no reason for adding to the number, as proposed by 
Head [41] or by Katzj [30]. On the other hand, the reduction sug- 
gested by Nafe [35] leaves too many facts unexplained. 


METHODS FOR STUDYING RECEPTORS AND RECEPTOR 
PROCESSES 

Numerous attempts have been made to ol)tain (!vid(‘nce of the 
identity of the skin receptors by examining portions (»f skin under the 
microscope. In addition, there have been efforts to answtu* the* more 
limited question of the relative de])ths of tlie receptors below the skin 
surface. There are also a number of studies which are of interest 
because their results have some bearing on the nature of the receptor 
processes. 


Microscopic Examination 

In the direct approach to this problem, portions of the skin are 
carefully mapped, and the points of maximum sensitivity marked. 
Then the pieces of flesh are removed surgically, sliced into thin 
sections, stained, and examined under a microscope [19]. Results 
that accrue from this technique have been rather consistently nega- 
tive; i.e., no receptors are seen under the microscope which correspond 
coasistently to warm spots, cold spots, etc. The negative results may 
be due to inadequate staining methods or simply to the fact that there 
are no gross receptors which can be identified in this way. 

In the indirect approach the warm, cold, touch, and pain spots are 
separately counted. Then the same area of skin is sectioned, stained, 
and examined microscopically to determine the number of each type 
of ending. The counts of spots and endings are compared [4]. For 
example, if there are fifteen cold spots and the microscope shows 
fifteen Krause endings, it is assumed that Krause endings are the 
receptors for cold. Such a correlation of numbers, however, may be 
fpiite accidental, even for the special region investigated. Further- 
more, in llui skin on niost parts of the body no Krause endings can be 
found il7|. 'I'lius the evidence from indirect studies remains 
inconclusive. 


Estimating Receptor Depth 

An interesting attempt at a direct appi’oach to the problem of 
receptor depth is the method of jninctiform narcosis [12]. In this 
s(dicmo warm and cold spots are first mapped and marked. The skin 
at each spot is then punctured to a measured depth, and a drop of 
novocain solution placed on the puncture. Warm spots, it is found, 
must be punctured to a greater depth than cold spots for the novocain 
tt) produce loss of sensitivity, suggesting that warm receptors lie 
deeirer below the surface of the skin. Several methods of indirect 
estimation of depth have been employed, but these are invalid because 
they depend upon speculative assumptions concerning the nature of 
the receptor-s, the process of stimulation, or the rate of heat conduction 
through the skin— -no one of which is adequately established. 


Nature of the Receptor Processes 

No direct approach has been made to the study of cutaneous 
receptor processes in human bek^. The effects of chemicals upon 


a(Uii)iation in the skin of the frog [23] or of nerve currents from stiniii- 
iation of the cornea of the cat [45] are suggestive only by analogy. 
There are, however, a number of methods which are significant 
because they bear indirectly upon the problem. 

The critical jlicker frequency, or the minimum time interval at which 
successive stimulations can be sensed as separate, is important in 
indicating the speed of receptor action. For warmth and cold, this 
can be determined by using radiant heat or dry ice and a rotating 
shutter to interrupt the stimulation [15]. Accurate measurement 
requires the use of not more than two successive stimulations at a 
time, because repeated exposure changes the skin temperature and thus 
its differential sensitivity. Warm and cold stimuli separated by 
approximately 0.2 second can be sensed as separate, indicating a 
quite rapid recovery in the receptor process. In the case of touch, 
an extremely rapid receptor process is indicated. At low rates of 
stimulation the successive touches arc sensed as sc})arate. As the 
rate is increased, the separate touches blend into a smooth vibration, 
which can be sensed clearly up to several thousan<i vibrations ]>er 
second. 

Adaptation to warm and cold has been studied with an apparatus 
in which the stimulator is surrounded by a neutral-temperaturt! field 
to minimize the effect of spread to surrounding areas [24]. Under 
these conditions, complete adaptation to warm or cold takes }dace 
in a few seconds when a 1-millimcter stimulator is used. With larger 
sizes, the time for complete adaptation is found to be gn'ater for a 
narrow rectangular stimulator than for a circular stimulator of the 
same area, and still greater when the same area is presented in the 
form of a ring. 

Also significant are the effects of sthmdator size and temperature. 
Interesting relationships are discovered when the same skin area is 
mapped repeatedly with different stimulator sizes [26] or with the 
same size at different temperatures [27], For such studies a ciu‘cker- 
board pattern of 2- or 3-millimetcr squares is stamped on the skin. 
The squares are stimulated in random order alternately with different 
sizes or different temperatures. The subject reports 0, 1, 2, or 3 to 
indicate the experienced intensity from each stimulation. After the 
mapping has been repeated six or more times, reports from the most 
consistent subjects are used to determine the relations. 

Some unexpected results are encountered. To take a single example, 
assume that the checkerboard is mapped with temperatures of 38, 
41, 44, and 47 degrees. Intensity of warmth experienced from the 
higher temperatures does not rise uniformly all over the map. Some 
squares yield consistent reports of 1 at 38 degrees and continue to 
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give 1 at 41, 44, and 47 degrees. Other squares give 0 at 38 degrees, 
0 at 41 degrees, and then suddenly become 2 or 3 at 44 degrees. Many 
other varieties of response are found, indicating that receptor action 
is not a simple matter of uniformly graded response. Similarly curi- 
tius relations are found when the same skin area is mapped with 
different sizes. For example, a larger stimulator covering two squares 
of differing sensitivity typically yields a reiiort consistently loiver tlian 

the maximum of the two individual squares. 



Fig. 2. Radiant heat stimulator. (Adapted from Hardy [37].) 


Radiant stimulation produces different results from those obtained 
with metal stimulators brought in contact with the skin. As the 
radiated area is enlarged or the radiant intensity increased, the experi- 
enced warmth rises quite regularly [22]. In contrast are the irregular 
changes just described with contact stimulation. Why radiant stimu- 
lation and contact stimulation have such different effects has not yet 
been satisfactorily explained. 

An excellent method of using radiant stimulation has been developed 
by Hardy and his coworkers [21]. Heat from a 1000-watt lamp is 
condensed by a lens and focused on an aperture of the desired size, as 
shown in Fig. 2. The length of exposure is controlled by a shutter. 
The exact strength of radiant stimulation is measured by substituting 
a radiometer for the subject’s skin after each set of stimulations. The 
same apparatus can be employed to study pain from radiant heat by 
using much higher intensities. 

Warm and cold can be aroused by various forms of inadequate stimur 
lation, as well as by the usual increase and decrease of temperature. 
Perhaps the simplest demonstration is the chemical effect of menthol, 
which gives a sensation of coolness, and of chloroform (applied under 
a watch-glass to prevent evaporation), which produces mild warmth. 
Warm and cold can sometimes be obtained by electrical stimulation, 
as in chronaxy determinations, or by mechanical stimulation of spots 
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of high sensitivity with a blunted wooden inatchstick. Some cold 
spots will respond with a cold sensation when touched with a small 
stimulator at 45 degrees centigrade— paradoxical cold. Similarly, 
some warm spots will respond with a warm sensation to 20 degrees 
centigrade— paradoxical warmth. Considerable patience is required 
to find such responsive spots on most subjects. 

Changing the skin tempemUire affects sensitivity to touch, vibi'atioii, 
and pain. The temperature in a limited area may be raised by expos- 
ing it to a radiant heater or lowered by holding a block of dry ice near 
the surface. Sensitivity to touch, vibration, and pain can then be tested 
while the skin surface is at various temperatures. Low(^ring the skin 
temperature merely reduces sensitivity. Raising the skin temperature 
at first makes the skin more sensitive to touch, vibration, and i)ainful 
stimulation, but with still further increase the sensitivity rai)idly 
falls off [49]. 

Although these various phenomena do not give a clear and consistent 
picture of the nature of tlic skin receptor procc.sscs, they do warn 
against the ready acceptance of any oversimidified theory of their 
operation. 

METHODS OF STUDYING THE ACTUAL NATURE OF STIMULATION 

Attempts have been made to measure wdiat actually happens in the 
skin w'hen mechanical and thermal stimuli are applied, and some 
illuminating if only partial answers have been obtained. 


Mechanical Distortion 

To produce an experience of touch, the critical factor is the bending 
or distortion of the skin and not pressure a.s such. In small areas, 
careful pulling on a stimulator glued to the skin produces sensations 
which are indistinguishable from those obtained by pressing down 
gently on the same stimulator [8]. 

No way has been found to estimate the total amount of skin distor- 
tion in any meaningful fashion, but the depth of its depression can 
be measured. Perhaps the most precise determinations were made 
by von Bagh [47], who used two different types of apparatus. In 
one, weights were applied to a balanced arm bearing a stimulator 
which rested on the skin, as shown in Fig. 3. In the other, the stimu- 
lator was forced into the skin to a measured depth. With both 
methods, measurements were made of the minimum depression neces- 
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sary to arouse a sensation of touch, and the minimum difference in 
depression which could be detected. Effects of different stinaulator 
areas were also compared. Apparently no similar measurements have 
been made of stimulation by pulling up instead of pressing down on 
the skin. The rate at which the stimulus is applied is found to be 
an important factor [20], since the experienced intensity is greater 
with a faster rate. 



Fig. 3. Tactile stimulator. (Adapted from von Bagh [47].) 


Skin Vibration and Spread 

Tn vil)ratory stimulation, measurement is more difficult because the 
skin is in constant motion. A neat solution involves the use of a neon 
light interrupted at tiie same frequency as the vibrating stimulator. 
Proiier adjustment of the light frequency causes the skin to appear 
to stand still or to move very slowly up and down. The extent of 
the swing can then be measured on a microscope scale by focusing first 
at the upper ami then at the lower limit of the movement [16]. The 
amount of sjmead of vibration to surrounding areas can be determined 
by using a liglitweight phonograph pick-up suspended so as just to 
make contact with the skin, and then amplifying the result so that 
it can be measured in a cathode-ray oscilloscope. Vibration applied 
to the skin at a single point is typically found to spread over a 
considerable area. 


Thermal Changes 

Accurate measurements of the heat absorbed by the skin from 
radiant stimulation can be made by substituting a Hardy radiometer 
for the subject’s skin and repeating the stimulation [37]. Estimates 
of the actual skin temperature at the instant of stimulation have been 
attempted by making radiometric measurements 15, 30, and 60 seconds 
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after radiant stimulation [38], but extending this curve of cooling 
backward to the time of stimulation gives results that are too unre- 
liable to have much meaning. The technique might work better if 
measurements could be begun immediately after stimulation. 

Measurement of temperature changes below the surface of the skin 
has been attempted with fine wires drawn through the skin to form 
thermocouple loops [3]. When an ordinary metal stimulator is 
brought against the skin above the thermocouple junction, the tem- 
perature at even a slight depth never fully reaches that of the 
stimulator. This discrepancy is probably due to the stabilizing action 
of blood circulation. However, the relatively slow-moving string 
galvanometer used in this method probably does not reveal the true 
rate at which the temperature changes occur. 


OTHER PROBLEMS AND METHODS 

What is actually the greatest bulk of experimental investigations 
of the skin senses may be grouped under this more miscellaneous 
heading. Though numerous, these experiments have relatively little 
to contribute in the way of interesting methods. Problems of local- 
ization, two-point threshold, and tactile extent and linearity are 
peculiar to the skin senses but involve rather simple techniques. 
Measurements of stimulus thresholds, differential thresholds, reaction 
times, and adaptation times mainly parallel those in other sensory 
fields. Perception of the form and motion of objects pressed against 
the skin follows much the same rules as in visual perception. 


Measuremenfs Peculiar to the Skin Senses 

Localization, two-point threshold, and other problems of spatial 
diserimination have been studied mainly in relation to touch, although 
similar questions arisein connection with warm, cold, and pain, wdiere 
the use of “pure’h stimuli uncomplicated by touch is an essential 
difficulty to be overcome. 

If the skin is touched while the subject has his eyes closed, how 
accurately can he locate the stimulated point? Results vary accord- 
ing to the method of designating the locus, whether by exploring the 
skin with another stimulator, by pointing to the spot, or by describing 
its location in relation to coordinates stamped on the skin [34]. 
Among the factors which have been studied are the influence of age 
and of training, the effect of moving the stimulated part, comparison 
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of blind and sighted subjects, and the ability to localize two simul- 
taneous stimulations [42]. Localization of painful and thermal 
stimuli has been less extensively studied. 

If the skin is stimulated at two points simultaneously, how far 
apart must the points be in order to be clearly sensed as separate? 
This is not a simple matter to determine. Introspectively the change 
from one to two points is not clean cut but involves a series of transi- 
tion figures, such as ovals and dumbbells [7]. Consequently, the 
subject’s self-instruction is important. If he reports “two points” 
as soon as the stimulation is no longer clearly sensed as a single point, 
the obtained liraen is much smaller than if he waits until he clearly 
perceives two separate points. Partial control of suggestion in this 
instance might be achieved by actually using oval- and dumbbell- 
shaped stimulators, as well as two separate points. Among the vari- 
ables studied in the tactile two-point limen are the relative accuracy 
across the midline of the body, as compared with two stimulations on 
the same side, the influence of the strength of the stimuli, and the 
effect of moving the stimuli. Measurement of the successive two- 
point limen, in wliich the subject judges whether two successive 
stimulations are at the same or different places, seems to be simply 
a special phase of the problem of localization. 

How well can a subject discriminate the difference in length of two 
cardboard edges pressed against the skin [13]? If three points in a 
line are pressed against the skin, how far must one be displaced to 
become noticeably out of line? In such experiments it should be noted 
that, pure tactile sensitivity is involved only when the stimulators are 
pressed against the skin. When the fingers arc run along a stimulator, 
kinesthetic as well as tactile sensitivity comes into play. 


RouHne Psydiophysical Measurements 

Determinations of cutaneous stimulus limens, difference limens, 
reaction times, anri adaptation times are basically similar to the 
analogous meaeurements in other sensory fields. 

The aiimuliis limens fur pain, warm, cold, and touch have been 
measured on various parts of the body, with different sizes of stimu- 
lafons and under different conditions of adaptation. The more impor- 
(anf tyjK's of apparatus, such as the Hardy radiant stimulator for 
warm, cold, and pain, and the von Bagh ajiparatus for tactile deter- 
minations, have already been descritod. Of special interest in con- 
nection with pain is the influence of various drugs, such as aspirin, 
upon the pain threshold. With vibratory stimulation, thresholds arc 
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found to vary at different frequencies, much as is found in hearing. 
A number of studies have dealt with ''threshold lability^’ [46], i.e., 
the tendency for threshold values to rise rapidly under the influence of 
intermittent stimulation, a condition found most strikingly in certain 
nervous disorders. 

Difference limens, or the smallest detectable difference in pain, 
warm, cold, and touch, can be measured by ap})lying successive stimu- 
iations of different intensity or by changing tlie intensity of an applied 
stimulus. The rate of stimulus change is an important factor which 
has frequently been neglected. For example, the difference limen for 
detecting ’a change of pressure on the skin is much smaller if the 
change is made suddenly than if it is introduced gradually. 

Reaction times to cutaneous stimulation are measured by the usual 
chronoscope and reaction-key methods. Reactions to touch involve 
no complications, but contact stimulation of pain, warm, and cold are 
complicated by the presence of simultaneous touch, which has a shorter 
reaction time. Instructing the subject to neglect the touch is scarcely 
a satisfactory solution. Efforts must be made to eliminate the touch 
element completely. In radiant stimulation this difficulty does not 
appear [ 14 ]- 

The measurement of adaptation time, or the time for a cutaneous 
sensation to disappear under continued stimulation, is greatly affected 
by the standard used by the subject in deciding that a sensation is 
completely gone. A subject can be trained to give consistent results, 
but there is no way of telling whether his standard of complete disap- 
pearance is the same as that of another subject. Consequently, com- 
parisons from subject to subject are apt to be meaningless. With 
thermal stimulation the spread of the stimulus can be minimized by 
surrounding the stimulated area with a metal ring maintained at skin 
neutral by circulating water. With xnechanical stimulation the skin 
must be fixed in position to prevent movements which would acci- 
dentally arouse adjacent regions. 

An interesting effect in connection with adaptation is the tendency 
for a sensation to wax and wane, sometimes disappearing completely 
and then spontaneously reappearing [43]. Another topic which has 
not been thoroughly investigated is long-term adaptation in the sense 
of "getting used” to painful or thermal stimulation as the result of 
repeated exposure. 

Cutaneous Perception 

There is a striking similarity between visual perception and cutane- 
ous perception of forms, movement, and apparent movement. Tactile 
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perception of forms and illusions of form have been studied by pressing 
wooden squares, triangles, etc., against the skin [40]. Tactile percep- 
tion of actual movement has been studied by moving an air jet across 
the skin [llj. Tactile apparent movement can be obtained by touch- 
ing a series of points in rapid succession, giving the illusion of an 
object being drawn across the skin surface [36]. Thermal perception 
of' form and pattern is rather poor. It has been investigated with 
warm and cold metal stimulators of various shapes and also by radiant 
stimulation without contact [44] . 

Analyses have been made of the experiences of tickle, itch, and 
burn, but mainly at the level of introspective description. Also 
attempts have been made to synthesize the experiences of roughness 
and smoothness [1], moisture [32], and heat [25] by combining 
various cutaneous stimuli. For example, an illusion of “wetness” can 
usually be produced by a stimulator that is both cold and slippery, 
although imtirely dry. Some subjects report “heat” when stimulated 
with a grid of alternate warm and cold tubes, although the effect is 
difficult to obtain in most naive individuals. An interesting finding 
is the dciiendence of the. Anziehungsej^ekt (tendency of a weak touch 
to seem disjilaccd toward a stronger touch) upon the perceived separa- 
tion of tlic two points, rather than upon their actual physical separa- 
tion j33|. This suggests that conditions as perceived might be more 
important than conditions as they are in our other psychophysical 
nK‘asurcment.s. 


SUAAMARY OF METHODS OF CUTANEOUS STIMULATION 

Although a variety of methods of stimulating the skin have been 
mentioned in connection with specific problems, it seems well to 
summarize the chief methods, with some comments on their limitations. 


For Touch 

The traditional stimulators for mapping touch spots are hairs of 
differing stiffness, which bend at known pressures. An esthesiometer 
or a stiff wire operating against a spring acts in a similar fashion. 
These hand-u])orated stimulators give control of the maximum pressure 
applied, but not of the rate of application. For any precise measure- 
ments, some sort of mechanically or electrically controlled stimulator 
i.s desirable, so that the rate of application can be controlled and the 
depth of the skin distortion measured. The von Bagh apparatus 
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(Fig. 3) represents a type of device that is useful in a number of 
different kinds of experimental work. Little has been done toward 
developing methods of stimulating the skin by traction (pulling up 
instead of pressing down), although the same sort of apparatus could 
be readily adapted for this purpose. Another neglected field is the 
controlled stimulation of individual hairs on the skin, which, like the 
cat’s whiskers, are extremely sensitive indicators. 


ForVibrofion 

Practically all experimenters now use an oscillator to generate the 
desired frequencies and the analog of a dynamic speaker to transform 
the electrical oscillations into mechanical vibrations. The use of an 
interrupted neon light and a microscope to measure the amplitude of 
skin movement has already been mentioned. Alternating currents 
applied directly to the skin produce effects similar to those obtained 
with mechanical vibration [18], although the actual nature of the 
stimulation is different. An interrupted air jet has also been used for 
vibratory stimulation, but is a poor method because of the inertia of 
the individual air puffs. 

Vibratory stimulation readily spreads to other parts of the skin, 
even when the stimulator is a fine needle point. Anesthetizing the 
skin under the stimulator does not prevent such spreading and may 
in fact aggravate it, since the anesthetized area tends to vibrate as 
a whole [48]. The actual extent of spread can be checked by using 
a lightweight pick-up suspended so as just to make contact with the 
skin. In addition to spread, another source of confusion is the 
presence of deep sensitivity, which continues to respond to vibratory 
stimulation after the skin itself has been completely anesthetized. 


For Pain ■ . . 

The chief ways of arousing pain experimentally are by pricking 
and burning. Any of the devices used for tactile stimulation may 
be employed to prick the skin by substituting a fine needlepoint for 
the tactile stimulator. A very fine needle will sometimes penetrate 
the skin so smoothly as to give pure pain without any accompanying 
sensation of touch. Heavy pressure with larger stimulators may 
arouse deep pain, causing some confusion. 

Radiant heat has no touch element, and the burning pain can be 
subjectively discriminated from painless warmth and heat. The 


Hardy apparatus (Fig. 2) is excellent for this purpose. There is some 
evidence, however, that deep pain can be aroused by strong radiant 
heat, even when the skin has been anesthetized [39]. Electrical 
stimulation with high-voltage, low-amperage current gives a painless 
prick which becomes painful with stronger stimulation [5]. 

ForWarm and Cold 

Warm and cold spots are usually mapped with a water-circulated 
stimulator having a circular tip approximately 1 millimeter in diame- 
ter [10]. For repeated mapping of a checkerboard pattern, square 
and oblong stimulators wdiich exactly fit the checkerboard squares 
may be used [26]. The subjects must be trained to neglect the 
simultaneous touch sensation and report only experiences of warm 
and cold. 

In the measurement of adaptation times, difference liniens, and 
stimulu.s limens, the stimulator at neutral temperature can be allowed 
to rest on the skin until tactile sensation has disappeared. Then the 
desired temperature can be applied by suddenly changing the tem- 
perature of the circulating water. With a very small stimulator, 
touch can be virtually eliminated by applying the stimulator through 
a .small oiicning in a neutral field to such a level that the skin is not 
distorted. 

For radiant stimulation the Hardy type of apparatus is admirably 
adapted. A block of dry ice can be substituted for the heating 
clement to obtain “radiant cold.” The heat absorbed or lost by the 
skin during stimulation can be accurately measured by radiometer. 
Since results obtained from radiant stimulation appear to differ 
markedly from those secured with contact stimulation, parallel investi- 
gations using tlie two forms are desirable. Diathermy has also been 
used for thermal stimulation [50], and thermal sensations are aroused 
when blood circulation is cut off and then suddenly released [2]. 

Especially in studies of adaptation, false results may arise from 
the spread of the stimulus beyond the desired area. Spread can be 
minimizt'd by surrounding the stimulator w'ith a metal ring maintained 
at skin temperature or by anesthetizing the surrounding region by 
ole(!troendo.smosis [9]. Constriction or dilating of the blood vessel's 
usually accompanies thermal stimulation, but these vascular changes 
must bo considered part of the normal stimulus situation. 
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Chapter 10 


Studying the Senses of 
Taste and Smell 

Car/ Pfaffmann^ 


The flavdv of footl, which we often uncritically call taste, is usually 
a complex experience or perception depending not only on the sense 
of taste but also on the sense of smell and the common sensitivity of 



Fig. 1. Diagram of a section through the mouth and one nasal cavity. 

the mucous nuiinbrane of the nose and mouth. Kinesthetic sensations 
from the muscles of mastication and even sight and hearing may eon- 
trihufe important components. Imagine if you can, the flavor of 
celery witliout the cool, crisp feel and crunchy sound as you chew 

^ Assifcstant. Professor of Psycfeologirj Brown Uaiveraty, 



the fresh, firm stalk. Coolness, feel, and sound are not true taste 
qualities. It is with true taste that you appreciate the flavor of salt, 
citric acid, sugar, or quinine; it i.s largely by odor that you know tlie 
flavor of fruit, coffee, or butter. 

Anatomical studies have shown that the olfactory sense organ 
consists of a small patch of nervous tissue located in the upper recesses 
of the nasal passages. The sense organs of taste consist of small 
goblet-shaped sense ‘cells primarily in the fungiform and circumvallate 
papillae of the tongue, although some taste buds may be found on 
adjacent structures, such as the epiglottis and soft palate. The sense 
organs of the common sensitivity are nerve endings throughout the 
mucosa of the nose and mouth. The relative position of these sensoi-y 
areas is shown in Fig. 1. 

This chapter will discuss methods of investigating taste and smell. 
For the present purposes the sensitivity of the mucous membrane to 
mildly irritating chemicals, called by some tlie common chemical 
sense, will be included under the term common sensitivity, which 
includes sensitivity to warmtli, cold, pre.ssure, and pain. 


METHODS OF STUDYING TASTE 

Distinguishing Taste from Smell and the Common Sensitivity 

In some cases taste can be distinguished from its neighboring senses 
quite readily. By plugging the nostrils, the sense of smell can be 
eliminated almost entirely. Something of this sort occurs naturally 
(luring the common head cold, when food seems to lose much of its 
aroma. More sj)ecifically, the elimination of olfaction eliminates such 
(lualities as fruity, foul, spicy, or burnt. The timch and temperature 
sensations which often accompany taste can be minimized by applying 
the stimulus as a solution warmed to body temperature. 

With olfaction, temperature, and touch eliminated, there remain 
only such qualities as sour, sweet, bitter, and salty. These are the 
true taste qualities, for they can be elicited only from areas known 
to possess taste buds. Very weak acid solutions, for example, will 
arouse no sensation from the gums, cheeks, or undersurface of the 
tongue, but will call out a definite sour taste on the tip and sides of 
the tongue, where taste buds are found in great abundance. Stronger 
acids may call out the additional quality of pain or sharpness. This, 
however, occurs everywhere in the mouth and must therefore be an 
added component from the common sensitivity of the mucosa. 

269 


Methods of Studying Taste Qualities and Their Sensory Basis 

The relation of taste quality to stimulus composition is most com- 
monly investigated in man by one of the integrative stimulation 
methods, in which the solution spreads over a large part of the tongue 
surface to stimulate as many receptors as possible. In general such 
methods are standardized versions of normal sipping or tasting. In 
other cases small amounts of fluid are dropped on the partially 
extended tongue by means of a pipette or medicine dropper (drop 
method). Appropriate intervals (Va to 5 minutes) between stimuli 
avoid adaptation or contrast effects, and a delay of 2 or more hours 
after eating minimizes taste aftereffects from the food. 

In certain experiments the subject is asked merely to describe the 
taste experience as accurately as possible. In other instances he may 
compare the test sample with standard solutions possessing pure salty, 
sweet, sour, or bitter tastes. Both methods show that many different 
substances have pure sweet, sour, or bitter tastes, whereas the pure 
salty taste is elicited only by sodium chloride. All other salts give 
rise to complex tastes which can be matched by mixtures of solutions, 
as specified by the following mixture equation [40, p. 455] : 

N - xA -f yB + zC + vD 

where N is the concentration of substance giving the compound taste, 
matched by a mixture of x, y, z, and v concentrations of the bitter, 
salty, sour, and sweet standard solutions, respectively. It is important 
to specify the concentration at which such qualitative comparisons are 
made, for taste quality often changes as the concentration increases. 
Saccharine in dilute solutions tastes sweet; in stronger solutions the 
taste is bitter. 

In general it may be said that acids have a sour taste, a large number 
of alkaloids a bitter taste, many carbohydrates a sweet taste, and 
many salts a complex salty taste. It should be pointed out, however, 
that there are many exceptions to this simple rule. Certain substances 
radically different from the sugars in chemical composition, such as 
saccharine, lead acetate, and various alcohols, have sweet tastes that 
arc indistinguishable from each other. 

In the method of punctate stimulation the stimulus is restricted 
to a single point or small area on the tongue. It was by a gross form 
of this method, as mentioned above, that the end organs for taste were 
identified. The qualities of salty, sour, bitter, and sweet could be 
elicited only from areas known to contain taste buds. 

“ Inadequate” stimulation by electric currents is well suited to the 
punctate method. Since stimulation takes place through metal wire 
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or wick type of electrodes, these can be placed on a particular tongue 
region with great accuracy. There is no danger of the stimulus diffus- 
ing away from the point of application, as might occur with solutions. 
Monopolar stimulation occurs when one terminal of a battery is con- 
nected to a single electrode on the tongue, and the other terminal to 
a large indifferent electrode on some other part of the body. If the 
tongue electrode is attached to the positive pole of the battery, a sour 
taste will result; if the tongue electrode is negative, the taste is 
alkaline [29] . With bipolar electrodes, i.e., both leads on the tongue, 
or faradic or alternating currents, the taste may be complex. The 




Fig. 2. Diagram showing the relative sensitivity of the tongue for the 

different tastes. 

The regions of greatest sensitivity, i.e., with the lowest thresholds, are indicated by the greatest 
density of dots. (After Hanig [19].) 

essential point for our purpose is that no “electric taste” is elicited 
from those regions devoid of taste buds. 

To use the punctate method with liquid stimuli, small brushes 
saturated with taste solutions are most commonly employed. By 
this means the sensitivity of the tongue to each of the four basic 
tastes has been mapped. The tip of the tongue is most sensitive to 
sweet, the sides to sour, the back to bitter, and the tip and sides to 
salty, as shown in Fig. 2 [19]. This distribution suggests that the 
four qualities of taste are mediated by four types of receptor organ. 
If all tastes depended on the same receptor organ, every region of the 
tongue should be equally sensitive. 

If very small brushes are used, so that individual papillae can be 
stimulated, the majority of papillae will be sensitive to all taste 
stimuli. A small number, however, will respond exclusively to salt, 
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or fc^inir stiiuuli 126]. This suggests that certain papillae may 
contain only one type of taste receptor. 

The tunrtnAe <pialities can be further dissociated by the suppressor 
action of c<a'tain drugs. In weak concentrations cocaine primarily 
reduces bitier sensitivity; another substaiiccj gymnenic acid, depresses 
swiX‘t sensitivity 139], 

It will be ni»ted that the methods so far described are indirect, in 
that tliey depend on correlations between the stimulus and response 
of the intact organism. Changes in threshold or in the quality of the 


Fig. 3. Record of a single nerve fiber preparation responding to acid on 

the tongue. 

The large Initial upword deflection signals the ttme of applying the stimulus. This is followed by 
the train of nerve impulse spikes. (A) stimulus 0,5 N acetic acid. (B) stimulus 0.01 N hydrochloric 
acid. Each white time mark at base of record (B) indicates 1/ 10 second. 


sensation are believed to reflect changes in the sense organ, providing, 
of coursts that such factors as fatigue, inattention, and practice have 
been adequately controlled. The development of electrophysiological 
metluxis in recent years permits a more direct attack on the analysis 
of sensory function. It is now possible to record with an electronic 
amplifier and oscillograph the nerve impulses in a sensory nerve fiber 
following stimulation of its associated sense organ. (See Chapters 14 
and 15.) In one study single afferent nerve fibers in the nerves from 
the tongU(‘ of the cat were dissected under a binocular microscope and 
placed upon the recording electrodes.*-^ The discharge in a typical 
single nerve-fiber preparation from the. chorda tympani nerve is 
illusiratecl in Fig. 3. Instead, of four types of single nerve fiber, each 
respi aiding only to acid, salt, sugar, or quinine, as might have been 

-It will be appreciated hy thc,s?tudcnt that this m essentially a unitary or 
punctate inethml of analysis, in which the restriction to a single unit is intro- 
duced at the ret-ordiug rather than the stimulating idiase. 
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expected from the evidence presented so far, only three types of single 
nerve fiber were found. One was activated only by acids, a second by 
both acids and sodium chloride, and a third by acids and quinine. No 
single fiber preparations responsive to sugar were found. These 
results confirm the view that there are different types of taste receptor 
but suggest further that these receptor types do not necessarily 
correspond to the four fundamental taste qualities [34]. 

Methods of Studying Taste Sensitivity 

Most techniques in this category are primarily concerned with taste 
sensitivity as a whole. Differences in sensitivity from one part of 
the tongue to another are averaged by applying the stimulus to a large 
area of the tongue. In man the stimuli may be applied by any of the 
integrative methods already described, such as the drop method or 
sipping method. Of these, the sipping method will give lower and less 
variable values of the absolute threshold [38]. In certain cases where 
precise control of such factors as the area, pressure, temperature, and 
duration^ of stimulation is required, some form of applicator may be 



Fig. 4. One type of glass applicator to control the area of taste stimulation. 

The applicator aperture is placed on the subject’s tongue. The inlet is connected to a system of 
tubes so that various solutions can be directed through apparatus. 

employed [17, 23, 32] . One such device is shown in Fig. 4. The most 
frequently employed psychophysical procedures arc the methods of 
constant stimuli, single stimuli, and limits. (See Chapter 5.) In the 
method of limits the descending series is often omitted, because the 
aftertastes of the supratlireshold stimuli in the early ])art of the 
descending series tend to mask the weaker stimuli in the later part 
of the series. 

Studies indicate that marked differences in taste sensitivity Jiiay 
exist even in a relatively small group, of individuals. In a group of 
forty-seven subjects the thresholds for different taste stimuli distribute 

^Especially iuiportani in studies of adaptation [1, 181. 
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over the ranges shown in Fig. 5. Note that one substance, phenyl 
thiocarbamide (PTC), has an unusually wide ranp of thresholds [7]. 
This substance has been employed in tests of "taste blindness.” 
Persons unable to taste PTC crystals are known as "non-tasters.” 
Actn.ally such individuals are not taste blind. They are only rela- 
ti^’oly insensitive, for with sufficiently strong stimuli their thresholds 
can i)c reached. In Fig. 5 their values would lie in the upper part 
of the distribution curve for PTC. The notion of taste blindness as 
an al!-or-none attiibute gained credence largely as a result of early 
tests with the connnercial crystals. In this form the stimulus cannot 
be grad(.>d in intensity so that the subject either tastes or does not 
taste. This dichotomy is quite arbitrary [7]. If the commercial 
cry.“tal.s are purified, a more effective stimulus can be obtained, and 
some of ihe “non-tasters” will become “tasters.” This is an important 
point of methodology, for it shows how experimental results may be 
influenced by tlie method of measurement. 

It is of particular interest that taste sensitivity in the same person 
may change from day to day and even during the same day. Such 
variations probably reflect changes in the jrhysiological state of the 
individual. The direct action of chemical agents in the blood has been 
demonstrated in a number of cases. For example, decholin (a bitter- 
tasting substance) gives rise to a bitter taste shortly after injection 
directly into the blood stream [20]. Stimulation sufficient to elicit a 
sensation in this way probably occurs only if the change in the blood 
fakes i)lacc suddenly. Normally, the taste I'oceptors are in a state of 
equilibrium wdth the chemicals in the blood. As these blood factors 
change slowly, there may be corresponding changes in the sensitivity of 
the recejrtor. Witli high concentrations of sodium chloride in the 
blood, for example, it would be expected that the threshold for the 
same substance applied to the tongue w'ould be high. With a lower 
concentration the threshold might be lower. 

Methods which depend upon unlearned feeding preferences or aver- 
sions liave been employed primarily in animal studies. (See Chapters 
12 and 13.) To determine sodium chloride preference thresholds, 
for example, the animals, placed in individual living cages, are pro- 
vided with two graduated drinking bottles. After they have become 
adjusted to the situation and are drinking about equal amounts of 
water from each bottle, sodium chloride is added to the water in 
one of the bottles. On successive days the concentration of salt is 
increased gradually until the animal consistently takes more salt than 
water. The concentration at which the animal first shows a preference 
for salt is the preference threshold concentration. See Fig. 6. This 
preference is abolished w'hen the taste nerves to the tongue are cut. 
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Fig. 5. Graphs showing the distributions of thresholds in 47 individuals for 

different substances. 

Values indicated at the base line range from a dilution of 1 part in 5# 120,000 (1:5120M where 
M = 1000) to 1 part in 39.06 parts of water (1:39.06). (From Blakeslee and Salmon [7].) 
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The preference threshold for sodium chloride and the aversion thresh- 
old for quinine in the white rat agree with the threshold concentrations 
for these substances found in man by other means [37, 42 j. There is 
a methodological iiuestion, however, whether the preference or aversion 
threshold is^a true index of sensitivity. Studies to be discussed later 
show tiiut in man, the same taste substance may be pleasant, indiffer- 
ent, or unpleasant, depending upon the concentration. Weak con- 



Days 

Fig. 6. Graph showing the sodium chloride preference threshold for 1 2 rats. 

At 0.06% the animals begin to show a definite preference for salt solution, which becomes greater 
as the coiKentration increases. (From unpublished results of J. K. Bare. ) 

centrations of ciuinine sulfate, for example, may have a pleasant taste. 
Prefcinmce or aversion may be related to that factor in man known 
as the pleasantness or unpleasantness of taste. 

CIo.sely related to the above procedure is the method of observing 
reflexes or the modificatians of reflex activities after taste stimulation. 
The sucking response is particularly suited to studies of taste in infants 
and young mammals. Although the early workers simply observed 
the sucking nmvemeuts when taste stimuli were introduced into the 
mouth, later investigators graphically recorded the sucking reflex by 
utilizing the pressure and volume changes in the nursing bottle as the 
fluid was sucked out [24, 33]. A modified nursing bottle was 
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nected by a system of tubes to the recording bellows of a polygrai)h 
or kymograph. Figure 7 shows the response to 0.9 per cent sodium 
chloride, a concentration above threshold for the particular child 



Fig. 7. Polygraph record showing a diflFerential response to 0.9% sodium 
chloride compared to the normal sucking response to milk. (After Jensen [24].) 


studied. Thresholds defined as the concentration that caused a just 
noticeable distortion of the sucking response were found to range 
between 0.2 and 0.9 per cent for one group of infants. 


Methods for Studying Suprathreshold Stimuli 

The designation or specification of taste intensity for concentrations 
above the threshold is of practical as well as theoretical interest [8]. 
One common method for designating the strength of a sweetening agent 
is in terms of a standard substance, such as cane sugar. The sweet- 
ness grade is given by the number of grains of cane sugar required to 
match 1 gram of test substance in sweetness when both arc dissolved 
in equal volumes of water. By this measure, fructose was found to 
have a value of 1.05. Since 1.05 grams of sucrose were required to 
match 1 gram of fructose, fructose is the sweeter of the two substances. 
Glucose and lactose have values of 0.53 and 0.27 respectively and are 
therefore less sweet. This method holds only for the particular con- 
centration at which the comparisons are made. As concentration 
increases, some substances become relatively less sweet [40]. 

This latter effect presumably depends on the fundamental relation 
between subjective intensity and objective stimulus intensity. The 
study of intensity discrimination in taste shows a redation similai- to 
that for other senses [22]. As the concentration increases, flic value 
of Al/I for the taste of sodium chloride deer(»,ses as shown in Fig. 8. 
At higher intensities, a relatively smaller increase in the stimulus is 
required in order to produce a just noticeable increment in taste. 

In addition to these effects, changes in the intensity of taste stimu- 
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4 molar concentration of Na Ci 


Fig. 8. The change in the value of the Weber fraction Al/I as a function of 
intensity /. (From A. H. Holway and L M. Hurvich [22].) 
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Fig. 9. Graph showing fhe number of indiflFerenf, pleasant, and unpleasant 
judgments made by 7 observers for different concentrations of sodium chloride. 

(After Bigel [14].) 
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lation are usually associated with changes in the pleasantness or 
unpleasantness of taste. When we use salt, pepper, vinegar, or other 
condiments to improve the palatability of food, our recipe usually calls 
for just enough to give a good taste, but not so much as to be too 
strong and unpleasant. The relation of hedonic tone, i.e., pleasantness 
or unpleasantness, to the intensity of stimulation can perhaps be 
demonstrated better in taste than in any other sense field. In Fig. 9 
the degree of pleasantness or unpleasantness of salt solutions of differ- 
ent concentration is shown [14]. The method of single stimuli was 
employed. The subject reported whether the taste was pleasant, 
unpleasant, or indifferent. For weak concentrations around 0.5 per 
cent the judgments of indifferent predominate. At 2 per cent the 
pleasant judgments predominate; for concentrations of 4 per cent and 
up the taste is mostly unpleasant. Acid solutions show the same 
progressive changes as intensity is increased. Certain other sub- 
stances, like sugar, are pleasant for nearly all concentrations, wdiereas 
others, like quinine, are unpleasant in nearly all but the weakest 
concentrations. 

Such findings are representative of most individuals. Nevertheless, 
there are certain persons whose judgments of pleasantness and unpleas- 
antness may diverge from that described. Whereas, most people dis- 
like strong salt, a few may like it. Although most people find sugar 
pleasant in all concentrations, some may dislike it. In one experiment 
two subjects were found who had such a dislike for sugar. Their 
judgments for concentrations above 9 per cent, which most people like, 
were predominantly unpleasant. Both subjects reported excessive 
indulgence of sweets in their youth. Just how such past experiences 
or current daily variations in physiological state in response to nutri- 
tional needs may influence the hedonic tone of taste stimuli is not yet 
understood and is a fertile field for further investigation. 


METHODS OF STUDYING OLFACTION 

As we have seen, independent stimulation of smell or taste is possible 
only under certain conditions. In olfaction, it is ]mrticularly difficult 
to eliminate those extraneous effects due to the common sensitivity of 
the nasal mucosa. Such double action occurs with ammonia, which 
has, in addition to its characteristic odor, a strong, irritating effect 
leading to such obvious reflex acts as crying and sneezing. The 
methods by which these effects have been shown to depend on the 
nerve endings of the nasal mucous membrane as well as on the sense 
of smell will be discussed in the following section. 

md 


In all investigations of olfactory sensitivity, several general precau- 
tions must be observed. Wherever possible, pure chemicals are 
employed to avoid contamination by small amounts of impurity, which 
are capable of severely altering the odor. The experimental rooms 
for olfactory investigation are well ventilated, and precautions against 
the clinging of odorous substances to rubber tubing, stoppers, glass- 
ware, etc., are taken. Stimulation in most cases is achieved by intro- 
ducing the odorous vapor into the nostrils, either through a system of 
tubes inserted into the nostrils or by active sniffing on the part of the 
subject when a flask is brought close to the nostrils. The odor may 
be applied to both nostrils (dirhinic) or to one nostril (monorhinic), 
or a different odor may be presented to each nostril separately 
(dichorhinic). 


Methods of Distinguishing Olfaction from the Common Sensitivity 
and Taste 

The (lillVvcnce bt'tween true smell and the common sensitivity can be 
dcmou.stratod rather simply by means of a menthol nasal inhalator 
sold cmmnercially for the relief of head colds. When the inhalator is 
inserted in the nostrils in the usual way, the cool sharp menthol odor 
is pcrceiveil. If the subject now places the inhalator to the lips while 
holding the nostrils closed, the sharpness and coolness will be felt in 
the mouth. The aromatic true smell of menthol will not be experi- 
enced, however, until the nostrils arc opened and the air currents of 
normal respiration can carry the odor into the nasal passage by way 
of the posterior nares. The contribution of taste to other odors can 
he investigated similarly with inhalators containing other substances. 

Surgical dissociation of olfaction and the common sensitivity has 
been employed in animal experiments [3]. It is possible to remove 
the nerve supply to the mucous membrane of the nose by cutting 
certain hrnnehos of the Vth cranial nerve (trigeminal), so that only 
the sense of smell remains. This preparation is known as an olfactory 
animal. In other animals the sense of smell can be removed by cutting 
the 1st cranial nerve (olfactory), leaving only the common sensitivity 
in a so-called trigeminal animal. The insufflation of ammonia or other 
irritants leads to marked changes in respiration and blood pressure in 
both types, as well as in the normal animal. Both olfaction and 
the common sensitivity therefore are stimulated by such irritants. 
Animals so prepared have been employed in other experiments on 
olfaction. 

The method of localization, an indirect method for use in Tnn,-n^ 
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assumes that only those stimuli which activate the common sensitivity 
can be localized in the right or left nostril when monorhinal stimulation 
is employed. Pure olfactory stimulants cannot be so localized [40]. 
Another indirect method, that of stream injection [13], defines pure 
olfactory stimulants as those which do not lead to pain or crying when 
a stream of the odorous vapor is continuously injected into the nostrils 
at a known rate of flow. During such tests the subj ect breathes 
through the mouth. Very few odors have been found that do not lead 
to pain. Even many of the stimuli classed as pure olfactory stimu- 
lants by the method of localization have been found to produce pain 
under these conditions. Clinical experience with this test suggests 
that certain brain tumors may impair true olfaction with little effect 
on the common sensitivity. 


Methods of Studying Olfactory Qualities and Their Discrimination 


rutrid 


Bowery; 



Fruity 


Spicy’ 


Eesiuous 


Early classifications, of odors were based in part on tlie literature 
of the perfume industry and to some extent on apparent resemblances 
and relations among groups of odors as 
experienced by casual observers. The 
work of Henning [21] is noteworthy as 
an attempt to derive a classification 
based on the description of odors by' 
both trained and untrained observers 
and on the serial arrangements of odors 
when a number of scents were presented 
to the subject for such arrangement. 

Over 400 scents were employed in these 
experiments. They were contained in 
wide-mouthed, stoppered bottles wdiich 
could be held under the subject's nos- 
trils for dirhinic stimulation. 

The schema shown in Fig. 10 was devised to show the interrelations 
among the various odor qualities as indicated by these experiments. 
This is the odor prism, of which only the surfaces represent the 
]>sychological dimensions. No odor qualities are represented in the 
interior. Odors along an edge resemble the corners bounding that 
edge; the odors on the surface resemble all corners in proportion to 
the distance from the point to each of the corners. Other workers 
attempting to validate this schema have obtained variable results [II, 
16, 30]. All agree that the precision of representetion on this figure 
does not compare with that for the color double pyramid. See Fig, 27, 
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Fig. 


1 0. Odor prism. (After 
Henning [21].) 


page 208. On the other hand, the odor prism more or less represents 
the relations existing, in the manifold of odor sensations. More 
recently, other workers [9] have reduced these six salient qualities to 
four— fragrant, acid, burnt, and caprylic or goaty— in developing a 
nomenclature for practical work. 

The method of differential exhaustion should be mentioned for 
completeness, although it has not yet been successfully applied to the 
analysis of the fundamental olfactory qualities [29]. This method 
depends on the fact that olfactory fatigue is often selective. Fatiguing 
the s(>nsc of smell by ammonium sulfide reduces the sensitivity to 
hydrogen sulfide, hydrochloric acid, and bromine, whereas the sensi- 
tivity to ethcrial oils is unaffected. The conclusion seems warranted 
that all of the first group of substances act on the same sense organs, 
whereas the etherial oils stimulate a different group of receptors. Such 
groupings might serve as the basis for a classification of odors. 

The eorrtdation between the stimulus for smell and the quality of 
the odor is difficult to establish, largely because the exact nature of the 
adequate; .stimulus is unknown. In many cases the aromatic fraction 
of naturally occurring odorous objects has been isolated and identified. 
The odor of roses, for example, is due in great measure to geroniol, yet 
the oflor of the natural plant extract can be matched only if a small 
amount of the genuine extract is added to synthetic geroniol [35]. 
Of the chemical elements, only the halogens — bromine, iodine, fluorine, 
and chlorine — ajjpear to be odorous. The great majority of odorous 
substances arc organic compounds, i.e., compounds containing carbon. 

The electrophysiological technique has proved less effective for 
investigations of olfaction than for taste. So far, the electrical activity 
in the olfactory bulb, olfactory tract, and other parts of the brain has 
been recorded [2, 5]. All these structures are one or more synapses 
removed from the primary sense cells. The latter are virtually 
inaccessible, since the fine nerve filaments leading from the olfactory 
epithelium pass through perforations in the floor of the cranium to 
enter the olfactory bulb of the brain directly. 

The earliest studies on the olfactory sensitivity of animals were 
based simply on observations of their general behavior when confronted 
with olfactory stimuli. Numerous incidental observations on olfaction 
have been made in connection with studies of maze learning, food selec- 
tion, and mating behavior. For the white rat the standard discrimi- 
nation box of the Watson-Yerkes type, modified to permit olfactory 
stimulation, has not proved very successful [27]. More success has 
been obtained with a technique in which the animal can reach a food 
box by digging througli one of two tunnels filled with scented wood 
shavings. One of the scents is the cue for the open tunnel. On sue- 


cessive trials the odor stimuli are alternated from one side to the other 
in chance order. Discrimination between butyric acid and a. dis- 
infectant, trail scent^ and gasoline, anise and a disinfectant, and male 
and female odors was established [41] . Another method was eniployed 
recently, in which the stimulus containers were fashioned from three 
small blocks of wood, each containing a smaller well provided with 
glass container at the bottom and covered with a perforated sliding 
metal cover, which the rats could pull open [28]. The blocks were 
impregnated wdth paraffin so that they could be washed and recoated 
to remove odors. One block was placed in each of the three corners 
of a square cage, and the rat was admitted at the fourth corner. Milk- 
soaked bread was placed in one well, and cotton with a few drops of 
oil of wintergreen w-as placed in the others. The position of the blocks 
was varied in random order during the trials. Any attempt by the 
rat to open the cover of a well not containing food was counted as an 
error. The discrimination between milk-soaked bread and oil of win- 
tergreen established in this situation was lost when the olfactory bulbs 
were removed. 

Conditioned reflex methods were early applied to the determination 
of the olfactory sensitivity of the dog [36]. In a recent study leg 
withdrawal to electric shock was conditioned to the presentation of 
an odorous vapor 7 seconds before the shock [4]. Stimuli were pre- 
sented in wide-rnouthed bottles held before the animal’s nostrils. 
Bottles containing no odor were presented periodically as a control. 
In some cases the stimuli were delivered by means of a system of tubes 
opening close to the animal’s snout. This proved less convenient 
because of the time between trials required to free the room of the 
odor. Normal, olfactory, and trigeminal dogs could be conditioned 
in 15 to 25 trials. Certain substances, such as cloves, lavender, anise, 
and asafetida, gave rise to conditioned reflexes only in the olfactory 
animal. Camphor, butyric acid, ether, and chloroform could be 
conditioned in both olfactory and trigeminal animals. 


Methods of Studying Sensitivity 

Absolute threshold values in man are frequently stated in terms of 
the minimal concentration, i.e., milligrams per liter of air, that can be 
detected. Starting with -a given weight of odorous material evaporated 
in a container of known volume, the subject sniffs at the mouth of a 
series of flasks of increasing dilution until he is no longer able to detect 
the odor. For ethyl alcohol the threshold figure is 200 milligrams per 

^ A commercial paste supposed to attract animals to a trap. 
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liter; for musk vanilian or skatol the figure may be as low as 0.001 
milligram per liter. The actual quantity acting as the stimulus will 
hv smne fraction of this figure, since only a portion of the inspired air 
rtaiclu^s Uie olfactory receptor [10]. 

Other more elaborate ways of controlling the strength of odor have 
bet'O einidoyed. In one apparatus [6] a series of flow meters indicated 
lilt; rate at which pure air l)Uibbled throiigii a chamber containing the 
udorous material. From the weight lost by the material after known 
\'()luiues of air had passed over it, the concentration could be calcu- 
lated. This concentration could be diluted by mixture with air in 
\'urying proportions, as indicated by another system of flow meters. 
The stimulus mixture was led to a funnel placed over the subject's 
nostrils. Artificial musk could be detected with this apparatus in 
concentrations as low as 0.00004 milligram per liter of air. 

Threshold values stated in relative terms have proved useful for 
measures of the lower threshold in different individuals, for measures 
of differential sensitivity, for measures of changes in sensitivity in the 
same individuals as a result of adaptation or other factors, for studies 
(d the interaction or neutralization of odors, and for studies of the 
relative stimuluting efficiency of different substances. One simple 
|)roc(*dure is to determine the greatest distance from the blindfolded 
subject at which the odor of an opened odor bottle can be detected. 
The more sensitive subject will detect the odor at a greater distance 

A more quantitative procedure makes 
use of the olfactometer devised by 
Zwaardemaker [43]. The essential 
feature of this instrument is an odor 
tube of glass which can be slipped in- 
side a larger rubber tube or hollow 
kaolin cylinder impregnated with odor- 
bearing material, as in Fig. 11. The 
outer kaolin cylinder is encased ‘with 
glass or otherwise sealed from the 
atmosphere of the room. When the 
Fig. ] 1 , Olfactometer. (After glass tube is pushed all the way through 
Zwaardemaker [43].) the odor tube, no odorous material is 

imparted to the air stream being drawn 
through the tube. As the glass tube is pulled out to expose more and 
more? odor-bearing surface, the concentration of the odorous material 
in the air stream is said to increase proportionately to the extent of the 
surfac^e exposed. One end of the glass tube is curved upward, so that 

** riii* ftrc'iirocy of this assumption liiiiiS been questioned by certain experimenters. 
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it can be inserted into the nostrils. The flow of air through the olfac- 
tometer is controlled by the subject’s inspiration. All parts of the 
apparatus except the nasal tip are concealed by a screen. Sensitivity 
is measured in terms of the olfactie, the length of the odor-bearing 
surface exposed to the current of air as measured in centimeters. Stimu- 
lation may be monorhinic, dirhinic, or, with the double olfactometer, 
consisting of two odorous cylinders leading separately to each nostril, 
dichorhinic. It is by the use of the double olfactometer that the inter- 
action and neutralization of odors have been most extensively studied. 
Various modifications of this or similar principles have been developed 
for practical purposes [15] . 

In most of the procedures so far discussed, the subject draws the 
odorous vapor into the nostrils by inspiration. Variations in the force 
and rate of inspiration might influence 
the values obtained. These factors 
have been controlled in a recently de- 
veloped procedure, the blast injection 
method, in which the odor is forcefully 
injected into the subject’s nostrils [12]. 

The odorous material is contained in a 
500-cubic-centimeter bottle closed by a 
stopper except for an inlet and outlet 
tube. The inlet is connected to a hypo- 
dermic syringe; the outlet, to a double 
or single nasal tip by means of a rubber 
tube that is normally closed by a strong 
pinch clip (see Fig, 12) . The pressure 
in the bottle is raised by injecting a few 
cubic centimeters of air into the bottle 
with the syringe. If the nosepiece is 
then inserted into the nostrils and the 
pinch clip suddenly released, a volume 
of odorous gas equal to that introduced into the bottle is injected into 
the nostrils. Thresholds are stated in terms of the number of cubic- 
centimeters that must be injected before the olfactory sensation occurs 
or the substance is correctly identified. From an analysis of the pres- 
sure-volume relations it appears that the pressure of the injection, and 
not the amount of vapor injected, is ciirectly related to stimulation [25 1 , 
Ai)proximaioly the same injection pressure is required over a wid(^ 
I'ange of volumes wlien bottles of different volumes are emph)yed as 
the odor container. The exact significance of this fact in terms of 
the process of stimulation is not clear. Further investigation of this 
point is needed. 



Fig. 12. Blast Injection method. 
(After Elsberg [1 2].) 
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CONCLUSION 


The student will have noted that the analytical and quantitative 
approach to the study of taste and smell has been emphasized. To be 
sure, our daily experiences with these senses is rarely analytical in 
character. Our selection and enjoyment of food is based on flavor, the 
composite of taste, smell, and the common sensitivity. Yet the con-* 
tribiition of each to the composites must be known if we are to under- 
stand how the complex experience comes about. The professional tea 
or wine taster distinguishes between the nose and the tongue in making 
his tests. He first smells and then tastes the sample under investiga- 
tion according to a schedule that will avoid adaptation and fatigue 
effects. A recent volume on flavor written for the food industry says, 
“Sensation analysis . . . , considered first from a theoretical and then 
a practical standpoint, provides a unifying basis for a mass of otherwise 
heterogeneous matter” [9]. 

We have seen that there are at least two major difficulties in the 
study of taste and smell. The first is largely instrumental, resulting 
from the difficulty of presenting the chemical stimulus in a convenient 
and highly controlled way. Although various applicators and injectors 
have been developed, those do not api)roach the accuracy of control 
which is attainable with visual and auditory stimulation. 

Even more fundamental is our lack of knowledge of the true stimulus 
for taste and for smell. The stimulus property that makes sugar and 
all other sweet-tasting substances sweet has n{)t yet been determined. 
There is no logical unification of the many relations between chemical 
constitution and taste and smell. It is for this reason, perhaps, as 
much as any other, that the experimental study of taste and smell has 
been retarded. 
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Chapter 1 1 


Studying Proprioception 

fV. D. 


We maintain an upright posture, we alter this posture and move 
about in a coordinated manner, and we are aware of our i)osturaI atti- 
tudes and of our movements. Our ability to make these postural and 
locomotor adjustments and our awarene.ss of what we do are dependent 
upon the activity of .several of our semsory sy.stem.s, principally, vision, 
touch, and proprioception. Of these three, proprioception is of 
primary importance. 

The proprioceptive system is made up of two major parts: (a) the 
kinesthetic division, which includeis end organs or proprioceptors in the 
muscles and tendons, the peripheral nerves wdrich connect the proprio- 
ceptors with the central nervous system, and the related nerve tracts 
and centers in the central nervous system; and (6) the vestibular 
division, which includes' the proprioceptors in the non-auditory part 
of the inner ear and the associated neural structures. 

In reviewing methods of studying proprioception it is important to 
bear in mind that activity of the proprioceptive system, unlike that 
of the other sensory systems, is characterized by a lack of conscious 
experience. Postural and locomotor adjustments arc carried out to a 
large extent on a reflex level. We shall find, therefore, that methods 
involving discriminatory responses, e.g., psychophysical methods, will 
not be of such fundamental importance as they are in studying vision, 
hearing, or any of the other senses. Instead, we shall see that most 
of our present knowledge about proprioception has come from experi- 
ments in which the activity of end organs or connecting nervous 
structures was examined directly or from experiments in which the 
reflex responses of individual muscles or muscle groups were carefully 
recorded and analyzed. 

1 Assistant Professor of Psychology, University of Chicago. 


METHODS USED IN STUDYING KINESTHESIS 


Anatomical Methods 

The proprioceptors, which are stimulated by the activity of the 
muscles of the body, were discovered by the anatomists of the 
eighteenth and nineteenth centuries through histological techniques. 
Three main kinds of receptors were isolated and described; (1) encap- 
sulated nerve endings (Pacinian corpuscles), located in the sheaths of 
muscles and tendons; (2) muscle spindles, which lie within voluntary 
muscles and end upon individual muscle fibers and (3) Golgi tendon 
organs, which are found at the juncture of muscle fibers and tendons. 
See Fig. 1. Free nerve endings may also be stimulated by muscular 
movement and thus serve a kinesthetic function. It is usually sug- 
gested, however, that these endings mediate pain. 

Discovery of histological structures which, because of their location 
in or near mu.scles or tendons and their connection with nerve endings, 
appeare<l to be the sensory end organs stimulated by movement of 
the mu.scl('s was suggestive, hut additional evidence was needed to 
establish the true nature of these receptor-like structures. 

Sherrington 129J showed that the muscle spindles were supplied by 
.sensory nerve fibers. By cutting the motor roots of peripheral spinal 
nerves of experimental animals, he caused all motor fibers to a given 
muscle of tlic lower limb to degenerate. He then examined the muscle 
spindles and their nervous connections under the microscope and found 
that every spindle still was supplied by sound, undogenerated nerve 
fibers. These fibers could have come only from the dorsal spinal 
roots, which arc the paths for sensory fibers entering the cord. Simi- 
lar techniques were used to show that the Golgi tendon organs and 
Pacinian corpuscles are innervated by sensory nerve fibers. 

The anatomical srtudics which have been described provided no 
direct evidence of the function of the proprioceptive system; however, 
they did provide evidence upon which shrewd inferences could be 
ba.sed, and they jiaved the way for studies using methods by which 
the function of the kinesthetic system coukl be directly examined. 


Selective Ablation 

In any dynamic system where many parts act together, information 
concerning tin; function of a part or of the whole minus that part can 

-Two types of muscle spindle ehdii^ have been described, “annulospiral” 

and “flower apray“ [14, p, S|, 
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Fig* 1. Denny-Brown’s diagram illustrating the sensory and motor innerva* 
tion of a group of 23 mammalian muscle fibers. 


The motor innervation comes from 4 fibers; o, a, o, a; the muscle spindle is made up of 3 intrafusal 
fibers, each one innervated by branches of motor nerve 6bers a, a, a, a. The spindle has one large 
onnulospiral ending, b, and a single flower spray ending connected with the nervous system by 0 
fiber of relatively small diameter, d. There is o single Golgi tendon organ, g, and a sympathetic 
plexus, sp, accompanied by a small myelinated pain fiber, c, from the blood vessel, e. {From Fulton 
[14], by courtesy of the Oxford University Press.) 
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be obtained by destroying the part and etudyuig the activity of the 
remainder. Classic examples of the use of selective ablation may be 
found in experiments of Sherrington, Magnus, Fulton, and their 
covorkers.'* Their investigations, although concerned chiefly with 
analysis of the postural and locomotor reflexes, produced a major 
portion of tlie knowledge which w'e now possess of the kinesthetic 
; ^ system. 

To illustrate how the selective-ablation technique is used, w^e may 
describe briefly an experiment by Pi-Suner and Fulton [25]. These 
investigators were interested in the reflex coordination of the move- 
ments of tlie front and hind limbs in quadripedal locomotion. In 
order to study one aspect of the problem, i.e., how impulses set up in 
the proprioceptors of hind-limb muscles afl’ect the posture of the fore 
limbs, they limited the functional parts of the system under examina- 
lion as follows: 

1. Voluntary control of limb -movement was eliminated by decere- 
brating-^ the experimental animals (eats). 

2. Reflexes initiated by cutaneous stimulation were ruled out by 
cutting the appropriate sensory nerves. 

3. Tlie exact manner of stinlulation of individual muscles or muscle 
groups in the hind limbs was brought under control by destroying the 
nerve supply to the other inuseles and by dissecting out those to be 
stimulated. Some muscles were detached from their tendons, and 
stimulation was applied artificially. 

It was found that, when certain proprioceptors in the quadriceps 
musek's (yf one hind limb were stimulated in a manner similar to that 
whi(‘h occurs during flexion of the knee joint, reflex responses occur in 
the otlier tliree limbs, so that the fore limb of the opposite side is 
flexed and the fore limb of the same side and the opposite hind limb 
are extended. This reflex pattern is at once suggestive of movements 
wliich occur during locomotion in the quadriped. By a number of 
experiments such as this one it has been shown that the series of 
progressive movements which constitute locomotion are in large part 
dependent upon responses set off by stimulation of muscle 

proprioceptors.,'" 

Electrical Stimulation and Recording 

Kiiu\sthc'ii(‘ receptors and their nervous connections were discovered 
by anatomical metiiods; individual reflex arcs and integrated patterns 

‘^Siuumarkvs of those experiments may be fouml in 14, pp. 51-179, and 10. 

^ A (ie(‘orebi*ate animal k one in which the brain stem has been transcctiid, 
usually at a level between the vestibular nuclei and tlie superior colliculi. 
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of reflexes were found and earefully examined by means of selective 
ablation. Exact analysis of the, function of individual parts of the 
system, e.g., isolated receptor units, had to await the invcauioii of 
suitable methods of stimulating and recording action. Dc\a‘l{)|)nient 
of such methods has closely paralleled the development, of electronic 
instruments. 

An outstanding example of tlie application of tlie electrical recording 
method in the study of proprioception is the experiment in whicli 
Matthews [22] distinguished four kinds of receptors corresponding 
to the four kinds of endings which had formerly been described by 
the anatomists. Matthews isolated a muscle and its sensory nerve 
in the limb of a cat and then, under the dissecting microscope, used 
sharpened needles to divide the nerve into separate bundles of fibers 
and to destroy these bundles one by one. After eaeb bundle had been 
cut, electrodes were placed on the nerve central to the lesion, so that the 
point at which the fibers were cut was between the electrodes and the 
muscle; the muscle was then stretched, and the electrical response of 
the intact nerve fibers recorded. This procedure, namely, redividing 
the nerve and sectioning successive bundles, was repeated until stretcii- 
ing of the muscle gave rise to a single rhythmic cliscliarge in the fibers 
remaining uncut. The response thus finally obtained was from a 
single kinesthetic receptor in the muscle. By varying the nature of 
the stimulating conditions and carefully analyzing the electrically 
recorded responses, Matthews was a/ble to show tliat different kinds 
of proprioceptors in the muscles and tendons may be distinguished, not 
only on anatomical but also on functional grounds. 


Clinical Melhods 

Results of histological, ablation, and electrical studies on experi- 
mental animals have been corroborated by clinical studies of man. 
The disturbances of movement in locomotor ataxia were described 
as early as 1851 [26] and were later shown to be due to degeneration 
of dorsal spinal roots and nerve tracts in the dorsal part of the spinal 
cord. Later clinicians, on the basis of postmortem examination of 
the central nervous system and peripheral nerve endings in the muscles 
of tabes dorsalis patients, reported atrophy of the kinesthetic end 
organs and the sensory fibers innervating them. 

Innumerable studies of the symptoms resulting from lesions of the 
spinal cord in man have been made. The classical syndrome resulting 
from lateral hemisection of the spinal cord at the cervical level was 
first described by Brown-Sequard on the basis of his observations of 
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patients with spinal lesions. The Brown-Sequard syndrome consists 
of homolateral loss of voluntary movement and kinesthesis and contra- 
lateral loss of thermal, pressure, and pain sensibility caudal to the 
lesion. The clinical studies have been of value both in tracing the 
central kinesthetic pathways and in clarifying the role of kinesthesis 
in reflex activity. 


Psychophysical Methods 

Since the time of Fechner there have been countless experiments 
on the discrimination of lifted weights. Although the judgments 
reepiired are bused principally upon kinesthetic cues, these w^eight- 
diseriminatii)!! studies have contributed far more to the development 
of psychophysical methodology than to an understanding of the 
kinesthetic system. The exception to this generalization is a series of 
investigations coiuiuctcd recently in which the effect of cortical lesions 
on discrimination of lifted w^eights was studied [27, 28]. To sum- 
marize the results of these studies briefly, it was found that partial 
destruction of the parietal lobes produces only transient defect in 
ability to discriminate lifted weights; total destruction, a permanent 
defect. Clomparison of monkey, chimpanzee, and man indicates an 
increase in corticalization of the function in questioir as the phylo- 
genetic scale is ascended. 


METHODS USED IN STUDYING VESTIBULAR FUNCTIONS 

For many thousands of years man must have knowm that experi- 
ences such as loss of equilibrium, dizziness, and nausea are aroused 
when the body is subjected to certain kinds of motion, such as the 
pendulum-like nu)vemcnts of a swing, the undulations of a boat, or the 
gyrations of the dance. Nevertheless, he did not discover until 1824 
that the inner ear contains specialized receptors which are stimulated 
l)y the position or movement of the head. At that time Fluorens 
showed, in a series of experiments on birds and rabbits, that destruc- 
tion of the semicircular canals produces severe defects in the ability 
of tlie experimental animal to maintain equilibrium and to make 
coordinated movements. Later experimenters corroborated Fluorens’ 
results, and during the next 100 years more than 1500 reports of 
studies on the vestibular system were published [16]. 

It is obviously impossible to give even a brief description of all the 
methods employed in these studies. We shall, therefore, group the 
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Fig. 3. A lateral view of the right labyrinth, 
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Fig. 2. The semicircular canals as seen from behind and above. 


The distance between the two sets of canals is not to scale. Note that the three canals on one 
side lie in planes at approximately right angles to one another and that the following pairs of canals 
lie in approximately the same planes: (a) the lateral canols, (b) the right anterior and the left pos- 
terior, and (c) the left anterior and the right posterior. 
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Fjg. 4. (A) Cross-section of ampullar crista, (After Kolmer.) (B) Macula in 

three-dimensional cross-section. (After Kolmer.) 


methods under three main hea^dings— methods of stimulation^ methods 
of Tevordiruj and analyzing responses^ md ablation methods— emd we 
shall give re]>reseritative examples of each class. First/ however, the 
structure of th<' vestibular receptors and the probable functions of 
the individual parts should be briefly mentioned. 


Structure and Function of itie Vestibular Receptors 

The vestibular’'* portion of the inner ear labyrinth includes the semi- 
circrilar canals, the utricle, and the saccule; the remaining part, the 
cochlea, contains the receptors for hearing. The vestibular receptor 
cells are found in the ampullar cristae of the canals and in the 
maculae or otolith organs of the utricle and saccule. See Figs. 2, 3, 
and 4. ' 

The most generally accepted view at the present time is that the 
cristae of the semicircular canals are the chief receptors for rotary 
movement, the effective stimulus being angular acceleration or decel- 
erati<)n. Continued rotation at constant velocity ceases to be effective. 
The utricular maculae are the primary receptors for position of the 

v<‘siihule of the labyrmth is the cavity containing the utricle and saccule. 
cDimuon u«ige, however, the vestibular part of the inner ear has (?omo to 
mean nut only the utricle and saecule, but also the semicircular canals which 
open into the vestibule. Likewise the vestibular part of the 8Lh cranial 

nerve irududes the iimorvatiag the saccule, utricle, and semicircular canals, 
the nou-auditory fibers. 
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head and may also be tlie most important receptors for rectilinear 
acceleration and deceleration, although the relative roles of the semi- 
circular canals and the utricle in rectilinear motion have yet to l}e 
definitely established. Furthermore, there is evidence that the semi- 
circular canals may play a secondary role in static stimulation and 
that the utricle may be stimulated by marked angular acceleration.^"^ 
The function of the saccular maculae is iineertain. If they serve as 
proprioceptors, their part is apparently a minor one, since no obvious 
defect occurs as a result of their destruction. They have been sug- 
gested as receptors for vibration and for sounds (especially low fre- 
quencies), but experimental evidence in support of these suggestions 
is lacking; 


Methods of Stimulation 

Position. The problem of stimulating the receptors for position 
of the head is simple; the head is merely field fixed in various jiositions. 
Avoidance of stimulation of other receptors is not so simple. Time 
must elapse after any change in position in order that stimulation due 
to motion will have ceased. Care must also be taken to eliminate 
stimulation of muscle proprioceptors, because the reflex responses 
aroused by labyrinth position are also affected by the other propriocep- 
tors, especially those in the neck, which give rise to reflex responses of 
limb and trunk muscles. Visual and cutaneous stimulation must like- 
wise be avoided. Several techniques have been devised to eliminate 
stimulation of these other receptors. Plaster casts enclosing the 
shoulders, neck, and head are sometimes used to keep the relative 
position of head, neck, and body constant. Tilt boards and other 
mechanical devices make possible accurate control of the subject's 
position and minimize the stimulation of receptors other than those 
being investigated. Visual stimulation can be eliminated by blind- 
folding or, in experimental animals, by destroying the eyes. In some 

One of the tasks which early experimenters set for themselves was to discover 
the function of each separate part of the vestibular end organ. Looking back, 
we are better able to appreciate the difficulty of their problem and to understand 
the controversies which often resulted. It seems dear, when we sum up all the 
evidence, that one part of the system may be the primary recept.or for a particular 
kind of stimulation (e.g., the horizontal canals for rotation in thdr plamO, but 
the same receptor or set of receptors may also supplement the function of otlier 
parts for other kinds of stimuli and may be supplemented by other parts in turn 
(e.g., the horizontal canals may foe stimulated by rotation in other planes or by 
linear acceleration, and the utricles may be stimulated by rapid rotation in the 
horizontal plane). 
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(.‘xpcri intuits nerve impulses arising in proprioceptois other than those 
of the labyrinth have been excluded by appropriate lesions in the 
nervous system. 

Rotation. The methods of rotation which have been devised 
vary in complexity from simply instructing the human subject to whirl 
around rapidly a number of times to elaborate apparatus designed to 
regulate accurately rate of angular acceleration, velocity, and plane of 
rotation. For most experimental purposes the rotator must possess 
several additional features. Smoothness in starting and stopping is 
often a requisite. In experiments where the subject is required to 
make discriminatory responses to vestibular cues, all other cues— 
visual, auditory, tactual, and kinesthetic— must be eliminated. The 
noise of the motor or other driving mechanism is usually kept constant 
under all conditions of operation through the use of suitable clutch and 
brake devices. Control of other extraneous cues is obtained both by 
design of the rotator and arrangement of the experimental situation. 

The Biirany chair, which has been widely used for clinical testing, 
is simply a .straight-back chair mounted on a rotating platform in 
somewhat the same manner as a barber’s chair. A headrest is pro- 
vided to keep the head position fixed. The typical procedure is to 
rotate the subject 10 times in 20 seconds. Because the chair is 
usually rotated by hand, control of acceleration and rate of rotation 
is only approximate. 

For more accurate experimental work many elaborate devices have 
been constructed for rotating both experimental animals and human 
subjects. Dunlap [9] designed a rotator with which smooth, constant 
acceleration and deceleration and a constant maximum speed may be 
obtained. See Fig. 5. The rate of acceleration and deceleration and 
the speed of rotation are measured on a kymograph record. 

Dodge carried on a series of careful experiments on thresholds of 
rotation, habituation to rotation, and the effect of rotation on eye 
movements [4, 5, 6]. In the course of these experiments he developed 
a rotator with which he was able to control and measure angular 
displacement (i.c., number of degrees of rotation), angular accelera- 
tion, and angular velocity. See Fig. 6. 

For the purpose of testing the susceptibility of military personnel 
to motion sickness, several investigators have recently designed modi- 
fied versions of the Barany chair. Modification has been in the 
direction of simulating the forms of motion encountered in flying or 
on .ships. A chair designed by Travis [38] is operated from a multiple 
harmonic cam, which is driven at a constant rate by an electric motor. 
The cam pattern is such that during one revolution of the chair seven 
different rates of acceleration and one period of rest are produced. 


A somewhat different apparatus used in experiments by Spiegel fSSl 
is constructed so that during each rotation the head is tilted either 
forward or to the iside, thus producing continuous stimulation of the 
vestibular receptors even when rate of rotation is constant. 



The motor (A) drives the horizontal shaft (B), which carries the flywheels (C) and {C'% Rotation 
of the shaft (B) drives the worm-wheel (D), which is attached to the gang of magnets (B). When 
electric current is applied to the magnets {£), they act as a clutch and “pick up” the iron disk armature 
(F), which is attached to the vertical shaft (G). The vertical shaft is thereby set into motion. The 
amount of "slip” of the clutch is determined by the load and by the amperage of current applied 
to the magnets. Acceleration may thus be controlled. To stop the rotation of the vertical shaft, the 
current to the clutch magnets (£) is interrupted, and current Is applied to the set of magnets (H) 
which are firmly fastened to the framework of the apparatus. Magnets (W), therefore, act as a 
brake, the rate of deceleration depending upon the current applied. A chair or platform may be 
bolted to the platform (/). (After Dunlap [9] 4 

Linear motion, like angular, may be readily obtained through the 
subject’s own movements, e.g., walking, running, falling, or rising. 
For experimental purposes, however, apparatus is required which 
makes possible control of velocity, acceleration, and the direction of 
movement with relation to the axes of the head. Elimination of non- 
vestibular cues is, of course, a factor in many experiments. 

One of the simplest methods of obtaining approximately linear 
acceleration which can be accurately measured is by use of a swing, 
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because a swing behaves according to the principles of motion govern- 
ing a simple pendulum. The swing technique w^as widely used during 
World War II in experiments on motion sickness. A typical arrange- 
ment consists of a carriage suspended so that the distance from the 
overhead bar to the swing seat is about 14 feet. To insure stimula- 
tion of the same receptors in all subjects, an exact position of the head 


To From 

camera light 



Fig. 6. Dodge-Wendt rotator and eye-movement recording apparatus. 

The platform (A) and the equipment which it carries are mounted on an automobile wheel (B) and 
rotate on the bearing of the wheel. The platform may be levelled by means of the adjustable base 
(C), The rotator is driven by the electric fan (D). A brake applied to the rim of the wheel (B) 
controls starting and stopping. When the apparatus is used for animal experiments, the animal is 
restrained in the box (£) and its head held fixed by a head-holder. A photokymograph (F) may 
be mounted on the platform and the antmars eye movements recorded by directing a beam of light 
from (G) onto the concave mirror which rests an the closed eyelid, as shown in the insert at the upper 
right The light reflects back to a vertical slit at (H) and produces a line upon the moving film of the 
photokymograph. Heod movements may also be recorded by means of a light beam directed upon 
a concave mirror attached to the head at {!). Electrical circuits ore led to the platform through the 
slip-ring contacts at (J). {See reference [39].) 

is obtained through the use of a headrest. In experiments using this 
iipparatus subjects were swung through an arc of 150 degrees for a 
IHwiod of 20 minutes or until vomiting occurred [17 1. 

A “wave-inaeliine,” so named because it was designed to simulate 
the wavc-like linear motion of boats and planes, has also been used 
in experiments on motion sickness 11]. This machine consists of a 
closed cab sot in a vertical shaft so that it may be raised and lowered 
by hydraulic pressure. Linear motion in the vertical direction is 
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produced by this elevator-like apparatus. Acceleratioiij velocity, and 
amplitude of movement can be exactly controlled and measured. 

In still other war researches experimenters have produced vestibular 
stimulation by movements of a Link trainer J by manein^ers of a real 
plane in flight, and by rotation on a human centrifuge [20, 3, 15{. 
The motion to which subjects were subjected in these experiments often 
possessed both angular and linear acceleratoiy com|)onents. 

Caloeic stimulation. The vestibular receptors may be stinTU- 
lated by the injection of hot or cold water into the external auditory 
canal. Apparently temperature changes set up convection currents in 
the endolymph, the fluid which fills the membranous labyrinth, and 
these currents stimulate the receptor cells. By means of the caloric- 
stimulation technique the labyrinth of each ear can be separately 
stimulated. With the head in the normal upright position, the vertical 
canals are affected by caloric stimulation. The horizontal canals may 
be stimulated by tilting the head backward through 60 degrees. Injec- 
tion of cold water (about 68 degrees Fahrenheit) produces eye nystag- 
mus with the quick phase toward the side opposite that stimulated. 
Injection of hot water (about 112 degrees Fahrenheit) produces 
nystagmus with the quick phase toward the stimulated side. 

Several methods of producing caloric stimulation have been used. 
Early investigators syringed the ear or allowed water to flow into it 
through a tube connected with a container suspended above the sub- 
ject’s head. Large doses of water (100 to 1000 cubic centimeters) at 
either very high or very low temperatures were used. It has since 
been found that a few cubic centimeters of water at temperatures only 
slightly above or below body temperature provide effective stimula- 
tion. When these very small quantities are used, more care must be 
taken to insure proper injection. A syringe with a blunt needle is 
usually used, and the stream of water is directed against the posterior 
superior wall of the external auditory canal. 

The caloric method of stimulation has been used mainly for 
diagnostic jiurposes by clinicians. Most experimental studies utilizing 
this method have been concerned with the mechanism whereby the 
injection of hot or cold water into the external auditory meatus excites 
the vestibular receptors. 

Mechanical stimulation. One aim of the many methods tliat 
have been invented to stimulate the proprioceptors of the inner ear has 
been to control conditions so that different receptors can be stimulated 
individually; e.g., it is desirable to be able to stimulate the crista of one 

7 A device modeled after t-he cockpit of a plane and moimted so tliat it can 
be rotated about its vertical axis and tilted about both the horiijoiital and 
longitudinal laxes. 


301 


r 


Iiorizcmtal canal or the otolith organ of one utricle. Ewald [12] 
acctuiiplisiied this by devising -a technique to produce pressure changes 
ill the endolymph of the labyrinths of experimental animals. He 
drilled a small hole in the wall of one of the semicircular canals and 
over this sealed a metal cylinder 1.4 millimeters in diameter and 9 
millimeters in length. The cylinder contained a tapered piston by 
means of which pressure could be applied to the membranous labyrinth 
and the intralahyrinthine fluid. Using this “pneumatic-hammer/’ 
Ewald was able to stimulate each of the canals individually and to 
study the response made by the animal to ‘both compression and 
<lec()mpression. It was assumed that compression produced move- 
ment of the endolymph toward the ampulla (ampullopetal flow), and 
decompression, movement away from the ampulla (ampullofugal flow). 
\Mien the right horizontal canal was stimulated, it was found that 
com|)ressi()n caused turning of the head and eyes to the left, i.e., away 
from the side stimulated; decompression caused turning to the right or 
toward the stimulated side. The intensity of stimulation produced 
by EwaUFs technique was probably greater tlian any resulting from 
natural stimulation, such as rotation under ordinary conditions. 

In human |)aticnts suffering from otosclerosis, an otological disorder 
accompanied by ankylosis of the stapes^ in the oval window and a 
consetiuent rtaluction of hearing, an artificial window (fenestrum) is 
sometimes made surgically in the wall of the horizontal semicircular 
canaL The success of the fenestration operation depends upon the 
artificial window rcnnaining open, i.e., covered only by a membranous 
flap. In many cases it is closed by regrowdh of bone. One test to 
discover whether the window has remained open is to apply pressure 
to it by prc‘ssing with the index finger at the appropriate point in the 
external auditory canal. If the fenestrum is still open, nystagmic 
eye movements can be produced. 

Electrical stimuiation. Both direct and alternating currents 
have been used to stimulate the vestibular receptors liuman subjects 
and experimental animals. When direct current is employed, a typical 
arrangement in the intact subject is to place the stimulating electrode 
on the mastoid bone and the neutral electrode on some other part of 
tiie body, such as the muscles of the neck. If only one ear is stimu- 

^ The stapes is one of the three small bones (ossicles) which conduct sound 
from the ear drum to the cochlea. The footplate of the stapes is sealed into the 
oval window of the cochlea by cartilaginous tissue, which allows the stapes to 
rock hack and forth about its heel and thus transmit vibrations to the fluids 
within the ifoclilea. In otosclerosis the normally elastic tissue around the foot- 
plate of the stapes becomes stifl and hard and so anchors the stapes firmly to the 
edges of the round window. It can then no longer transmit effectively to the 
eochh^ar fluids the vibrations produced by sound waves striking the ear drum, 
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lated in this manner, nystagmic eye movements are produced, with 
the fast phase tow^ard the side of stimulation when the cathode is 
applied to the mastoid and away from the side of stimulation when the 
anode is applied. Alternating-cun^ent stimulation does not produce 
nystagmus hut does give rise to rotation of the head away from the 
side stimulated. 

What part of the vestibular system is stimulated by electric ciirrent 
has been a point of controversy. Some experimenters have suggested 
that the electric current induces movement of the endolymph; others, 
that it acts upon the sensory cells in the cristae or maculae; and still 
others, that it acts directly upon the fibers of the vestibular nerve. This 
uncertainty concerning the locus of stimulation has limited the useful- 
ness of the method; nevertheless some experimenters have attempted 
to analyze the effects of stimulation of individual ampullae or maculae 
by applying electrodes to them and noting the resulting reflex 
responses. Most of the experimental evidence to date supports the 
view that electrical current applied to the walls of the labyrinth acts 
directly upon nerve fibers in the vestibular nerve. 


Methods of Recording and Analyzing Responses 

There are a number of different levels at whicli we may examine the 
response to stimulation of a sensory system. We ma}^ study: 

1. The activity of the end organ or receptor. 

2. The activity of the afferent nerve fibers, tracts, or centers* 

3. The reflex responses of effectors. 

4. The discriminatory responses, which in the human subject will 
usually be verbal reports and in lowmr animals will be overt learned 
responses, e.g., conditioned responses. 

In experiments on vision, hearing, smell, taste, and the cutaneous 
senses, we depend heavily upon responses of the fourth type: the verbal 
reports of human subjects and the discriminatory responses of lower 
animals. In studying proprioception we usually make use of responses 
which fall in one of the first three classes. This, as we have already 
seen, was true in experiments on the kinesthetic system, and it is 
equally true in the case of the vestibular proprioceptive processes. 
The human subject can report an awareness of position or of move- 
ment of the head, but to what extent this awareness is the direct result 
of sensory impulses initiated in the vestibular receptors and to what 
extent it is the result of sensory impulses aroused in receptors of the 
muscles, viscera, and skin by the reflex responses brought about by 
vestibular stimulation is not clearly understood. Although the bulk 
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of the experimental data points toward the importance of the sensory 
impulses reflexly aroused, there is some evidence for direct sensory 
connections from the vestibular receptors to higher nervous centers. 
The existence of such connections suggests, of course, the likelihood 
that part of our awareness of head position or movement results from 
the passage of impulses directly from the vestibular receptors to 
the brain. 

Activity of the end organ. Fluorens’ discovery that the inner 
ear contains a sense organ which is stimulated 'by the position or move- 
ment of the head immediately led to speculation as to what parts of 
the inner ear are concerned and as to the manner in which the move- 
ment or position, is translated into sensory nerve impulses. The 
anatomy of the inner ear was already known, and it is not surprising, 
in view of their triplane structure, that the semicircular canals were 
immediately seized upon as the principal receptors. The utricle and 
saccule were also suggested by some as additional end organs, the 
cochlea being excepted as a rule because of its known auditory func- 
tion. Experiments in which ablation techniques were used or in which 
stimuli were applied directly to different parts of the labyrinth soon 
showed that the inferences based upon knowledge of structure w^ere 
apiu-oximately correct — ^the proprioceptors of the inner ear wei’e to be 
found in the ampullae of the canals and in the utricular maculae. As 
already noted, the function of the saccular maculae has not been 
established. 

It was not so easy, however, to determine by experiment the nature 
of the intralabyrinthine events whereby head movement or position 
causes impulses to be set up in the eighth cranial nerve. Because of 
the microscopic size of the structures involved and the fact that in 
most animals they arc completely encased in bone, direct observation 
or recording of activity within the labyrinth is almost impossible. 
For that reason, methods which have been developed to overcome 
these obstacles are of special interest. 

Ewaid, who is noted for the precise surgical techniques he employed 
in his studies of the vestibular labyrinth, introduced the “bridge 
method” in which he exposed a limited portion of the membranous 
canal of the iiigeon by removing a short length of the surrounding 
bony canal [2, p. 43 j . By introducing a minute amount of lampblack 
or other coloring matter into the endolymph of the canals, Ewaid and 
other investigators using similar surgical procedures were able to 
observe, under the microscope, movements of the endolymph in the 
exiiused part of the membranous labyrinth. 

More recently Steinhausen [34, 35, 36] has developed a technique 
whereby not only endolymph movement but also, more important, 
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Fig. 7. Movement of cupula and endolymph during angular acceleration, 

A. Position of cupula with the canal at rest, A drop of oil has been injected into the canal in order 
to obtain a record of fluid movement. B. Position of cupula during angular acceleration. The fluid 
in the canal has moved toward the ampulla, as indicated by the change in position of the drop of oil, 
and the cupula has been displaced toward the utricle by the fluid movement. (After Dohlman [8].) 

and displaces it to one side or the other of the ampulla. See Fig. 7 . It 
is apparently through this movement of the cupula and the resulting 
distortion of the sensory hair cells that the hydrodynamic changes pro- 
duced in the endolymph are transformed into nerve impulses. The 
mechanism by which deformation of sensory hair cells stimulates the 
nerve endings is not known. In his experiments Steinhausen was also 
able to show that the movement of the cupula is that of a heavily 
damped clastic system having a natural period of about 20 seconds. 
This finding fits well with observations by many exporimemters that 
nystagmus ceases after approximately 20 seconds of rotation at con- 
stant speed and that the period of postrotary nystagmus is of similar 
duration. 

Neural activity. Connections of the vestibular labyrinth with 
the central nervous system were first traced by anatomical methods. 
More complete mapjiing of these connections and analysis of the 
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movement of the cupula of the ampullar crista can be observed. 
Using the pike, which has rather large semicircular canals the outer 
walls of which are of cartilage rather than bone, he exposed an ampulla 
and part of the adjoining canal and injected a minute amount of 
Chinese ink into the endolymph. He was then able to observe and 
photograph movements of the cupula during rotary, caloric, and 
mechanical stimulation. Steinhausen’s studies show that, when the 
canals are stimulated, the endolymph exerts pressure upon the cupula 



activity going on in the nervous paths and centers under various con- 
ditions of stimulation have been made possible by electrical recording 
techniques. 

One of the earliest studies of the electrical response of the vestibular 
iiervoiis systeni was made by Mowrer [23]. With electrodes placed 
on the eighth nerve of the painted terrapin, he recorded action poten- 
tials during and after rotation of the animal on a turntable. He 




Fig. 8. Frequency of nerve impulses in a single nerve fiber from the ampulla 
of the left horizontal canal during stimulation by rotation. 


The rate of angular acceferotion was approximately 15 degrees per second per second. Curve 
^ shows Itie frequency of discharge in Impulses per second (read from scale at right). Curve B 
gives the degree of angular displacement from the resting positon (read from scale at left). The 
horizontal line C indicates the frequency of discharge with the labyrinth at rest. Direction of rota- 
tion was toward the side from which the recording was made. (From Ldwenstein and Sand [21].) 


reported that the action potentials lasted only a fraction of a second 
after rotation had ceased. 

In later experiments Ldwenstein and Sand used more refined tech- 
niques to record the impulses in a single nerve fiber from the ampulla 
of the horizontal canal of the ray [21 J . They found a steady flow of 
impulses even when the labyrinth was at rest. The frequency of 
impulses increased during angular acceleration when the direction of 
rotation was toward the side being examined and decreased when the 
direction of rotation was toward the opposite side. Cessation of 
rotation was also reflected in the rate of discharge; and during rotation 
at a constant speed a steady state was reached within 20 to 30 seconds, 
after which the frequency remained at the same rate as that during 
rest. See Fig. 8. 

Although anatomical methods have so far failed to reveal completely 
the paths followed by vestibular fibers between the end organs and the 




Fig. 9. The effect of vestibular stimulation on the electroencephalogram of 

the cat. 

All records were taken during bulbocapnine catalepsy. The recording electrode was placed on 
the suprasylvian sulcus of the temporal lobe. Record A was taken with the head at rest, both laby- 
rinths Intact. The animal was then rotated 15 times; the change in the electroencephalogram after 
rotating is clearly shown in record B. Record C was taken with the animal at rest after destruction 
of both labyrinths. That no change in the electroencephalogram now occurs is shown by record 0, 
taken after 20 rotations. (From original records of E. K Spiegel.) 

cat and monkey during stimulation of the labyrinth by rotation. See 
Fig. 9. That these changes are due to the flow of impulses directly 
from the labyrinth to the cortex by way of centers lower in the central 
nervous system, e.g., cerebellum and medulla, and not from stimula- 
tion of the eyes or of receptors in the muscles or viscera was demon- 
strated by a series of control experiments. Visually aroused activity 
was eliminated by covering the eyes and placing the animal in the 
dark. Reflex and voluntary activity of the muscles was excluded 
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cortex, functional evidence indicates that direct connections do exist. 
Spiegel [30] found that convulsions can be produced in cats and dogs 
by stimulation of vestibular receptors if strychnine is applied to certain 
areas of the temporal lobes. No convulsions occur when strychnine is 
applied to other parts of the cortex. In other experiments Spiegel 
[31] recorded changes in the electrical activity of the cortex of the 


by the injection of curare and bulbocapnine.9 Sensory impulses from 
the skeletal nniscles and viscera were blocked by transecting the spinal 
cord in tlic ui)i»er cervical region and by cutting the vagus nerves. 
None of these control measures eliminated the changes in electrical 
ivsponse of the “vestibular area” of the cortex during rotation. On 
the other hand, no changes in electrical activity occurred during deep 
ether uuesthe.sia, after bilateral labyrinthectomy, or after undercutting 
of tlie re,a])onsive cortical area. 

Evidince such as that brought forth by Spiegel’s experiments lends 
weight to the supposition that our awareness of head position and 
jnovement is in part, at least, due to nerve impulses flowing directly 
from the vestibular receptors to the brain. 

Reflex ke.si’Okses. Since there are a great many reflex responses 
resulting from stimulation of vestibular receptors, it is convenient to 
classify them in some systematic fashion. The following scheme 
rcju’esents u modification of one proposed by Dusser de Barenne [10]: 


I. Positimiiil reflexes: reflexes for wliieh the adecitiate stimulus is the position 
of the head, not llie nioveineiit occurring during attainment of that position. 


A, Tonic rt'llt'xos; rr^floxos wliicli 
niaiiilnin certain pat.terns of 
tonus in the musculat.urc: 

1. Of eye muscles. 

2. Of neck muscles. 

3. Of limb and trunk muscles, 


B. Righting reflexes: reflexes of 
neck iniiscles which restore 
normal position of head when 
it has been displaced. 


11, Acceleratory reflexes: reflexes for which t.he adequate stimulus is angular 
or linear acceleration. 


A. Reflf'xes resulting from angu- 
lar acceleration (rotation): 

1. Of eye mus(i(\s. 

2. Of neck mustdes. 

3. Of limb and trunk musctles. 

4. Of visceral muscles. 


B. H(‘flexes resulting from linear 
jiccoleration : 

1. Of nock muscles. 

2. Of liml> and trunk muscles. 

3. or \isceral muscles. 


III. Artificially induced reflexes: 

A. Reflexe.s r(\sulfing from caloric stimulation. 

B. R(‘fii'xes resulting from metdmnical stimulation. 

C. Refh'xes resulting from electrical stimulation. 


Any of the three artificial stimuli may produce reflex responses of eye, neck, 
limb, trunk, and visceral muscles. 


In many investigations experimenters have been satisfied to observe 
carefully tlie reflex responses produced by vestibular stimulation and 


»C’uriiic ami hulbocapnine produce paralysis of the skeletal muscles, curare 
by blocking impulses to the muaciea at the motor end plate, bulboeapnine by 
affecting motor centers in the central nervous system. 
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have not tried to make quantitative measurements. This was par- 
ticularly true in the first exploratory experiments and even in most 
of the later studies of reflex responses of the neck, limb, and tnmk 
muscles. In some instances, as in the experiments of Tait and 
McNally [37], measures of the extent and duration of movement 
have been desired, and techniques have therefore been developed to 
make these measurements. These two investigators used decerebrate 
frogs in which one or both hind legs were divided from the remainder 
of the body and head except for a connecting link, the sciatic nerve. 
The hind leg was then mounted so that the contractions of individual 
muscles could be recorded by means of a muscle lever. The head- 
body part of the preparation was placed on a tiltboard whose move- 
ment subjected the labyrinth to the stimulation of angular acceleration. 

Direct observation of visceral muscle responses is impossible unless 
surgery is performed. The contractions of the stomach or of other 
parts of the gastrointestinal tract have been recorded by inserting 
a rubber balloon attached to a rubber tube, the other end of which is 
connected to a tambour recorder. The balloon is inflated after inser- 
tion so that it fills the cavity in which it rests. Contraction of the 
walls of the cavity will then exert pressure on the balloon, and the 
pressure on the enclosed air of the balloon-tube-tambour system will 
produce movement of the tambour diaphragm and of a recording lever 
attached to it. See Figs. 2 and 3, p. 396. 

It is in the study of reflex responses of eye muscles to vestibular 
stimulation that the most elaborate recording and measuring techniques 
have been developed. To measure the tonic reflex movement of the 
eyes in human subjects, Benjamins designed a special pair of spectacle 
frames with cylindrical eyepieces [2, p. 221]. One of a pair of fine 
cross-wdres is set so that it crosses two points marked by white paste 
on the anesthetized cornea. After a change in head position the angle 
through which the eye rotates is measured by adjusting the second 
cross-wdre to include the new positions of the two points on the cornea. 

Many different techniques — mechanical, photographic, and elec- 
trical — have been employed to record the nystagmic eye movements 
which occur during rotation. Dusser de Barenne and de Kleyn [11] 
recorded tlie movements of individual eye muscles of the rabbit. The 
apparatus which they used was so arranged that threads attached to 
each of the eye muscles operated separate levers, which recorded on 
the smoked paper of tlie kymograph. The animal was rotated about 
its longitudinal axis, and the reflex responses of each eye muscle were 
registered. By careful fixation of the head and proper design of the 
thread and lever system, all changes in tension on the threads as the 
result of rotation, except changes due to muscle contraction, were 
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eliminated. The experimenters were able to demonstrate the recipro- 
cal innervation of certain pairs of eye muscles. 

The total movement of the intact eye during and after rotation is 
more often recorded than are the responses of the separate eye muscles. 
In some of the earliest attempts at such recording mechanical methods 
were used, but these were anything but satisfactory because they 
lacked sensitivity, annoyed the subject, and could easily have a dis- 
torting effect upon the response itself. These difficulties were over- 
come by the use of photographic methods. Among the first to devise 
a satisfactory technique of recording eye movements photographically 
were Dodge and Cline [7]. They took advantage of the facts that 
(n) the cornea of the eye readily reflects a light beam directed upon 
it and (b) the surface of the cornea bulges out from the spherical sur- 
face of the rest of the eyeball. Movement of the eyeball, therefore, 
results in changes in the angle of reflection of a beam directed upon 
the cornea. See Figs. 4 and 5, p. 407, and the accompanying descrip- 
tion on p. 408. Although this technique was- first used to study eye 
movements during reading, it was readily adapted to the study of the 
eye movements which result from stimulation of the labyrinth by 
rotation. For the latter purpose, however, it is usually desirable to 
photograph (-ye movements with the eyes closed and during rotation 
as well as afterward, and it is necessary to be able to distinguish 
between changes in the record which are caused by head movements 
and those caused by eye movements. These added requirements may 
be met by modifying the setup shown in Fig. 5, page 407, as follows. 
The eyelids are held shut by a clamp or by narrow strips of adhesive 
tape. A small, freely-pivoting wooden block on whic-h is mounted a 
concave mirror is allowed to rest lightly against the eyelid directly 
over the cornea. See Fig. 6 insert. Movement of the cornea causes 
the block to rotate about its axis, the direction of rotation being 
opposite to that of cornea movement. A light beam is now directed 
on the mirror and reflected by it instead of the cornea. A similar 
concave mirror may also be mounted in fixed position on the head so 
as to reflect the beam from a second light onto the photographic 
record. With this double record deflections of the recorded eye- 
movement line which are produced by head movements may be 
detected. To record eye movements during rotation it is necessary 
to mount the light source, camera, and associated apparatus on the 
same rotating platform with the experimental subject. See Fig. 6. 

Another photographic technique which has proved useful in the study 
of eye movements is to take pictures of the eye with a moving-picture 
camera. The successive frames of the film may then be examined, 
and, the rate at which the frames were exposed being known, a plot of 
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movements per unit time can be made. In making such plots it is 
desirable to have a fixed reference point on the eyeball This may be 
accomplished by fixing a small piece of reflecting material to the eye- 
ball Judd, who was one of the first to use this method, placed a 
small particle of China white, coated with paraffin to prevent irritation, 
on the eyeball in the region of the iris [19]. In order to have a record 
of all eye movements, even during the time between successive frames 
of a moving picture, some experimenters have used a dual camera 
recording system, in which a frame in one camera is being exposed at 
the time the film in the other is moving in preparation for exposure 
of the next frame. 

Changes in electrical potential during eye movements have been 
recorded from electrodes placed near the eye, e.g., one on each temple 
for horizontal movements or one above and one below for vertical 
movements [18, 24]. These electrical records show a close corre- 
spondence to the eye-movement records obtained by photographic 
techniques. 

Discriminatory responses. Although we do not yet know the 
relative importance of sensory impulses flowing directly from the 
vestibular receptors to higher centers and sensory impulses from 
kinesthetic receptors stimulated by the positional and acceleratory 
reflexes, we can nevertheless in our experimental investigations make 
use of sensory experiences accompanying vestibular stimulation. 
Several early investigators, such as Wells (1792), Erasmus Darwin 
(1801), and Purkinje (1820), described the sensory phenomena which 
could be noted introspectively during and after rotation. It remained, 
however, for Griffith (1920) and Dodge (1923) to furnish accurate 
introspective reports under carefully controlled conditions. 

Griffith, aroused by the mistaken notion persisting in studies on 
the selection of aviation candidates during World War I that lack of 
sensitivity to rotation was an undesirable trait in such candidates, 
conducted careful laboratory studies in which he was able to demon- 
strate that dizziness, is subject to habituation [ 16] . Experienced pilots 
or others who had been exposed repeatedly to rotatory motion were 
likely to show decreased responses during the typical test situation. 
Of less practical importance, perhaps, but of greater theoretical interest 
were his conclusions that the sensory experience which we call dizziness 
is the combination “of a large number of processes the most prominent 
of which are (1) kinesthesis from the eyes and neck and in the arms, 
(2) pressure from the region of the abdominal viscera, the chest, and 
head, and (3) certain vascular processes which supply an obscure 
background and which give to the whole experience a characteristic 
shading.” 
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lJudg(‘ lueasured thresholds of rotation by having his experimental 
subjects report any change noticed in their position [6]. With rapid 
onset of rotation, he found the threshold to be about 2 degrees per 
sec'ond. In sev(‘ral studies Dodge obtained both introspective reports 
and recoinls. of eye inoxaunents under different conditions of stimulation 
by rotation. Although in some instances reports of awareness of onset 
or cessation of rotation coincided with ai)i>earance or disappearaiiee 
of eye movements, this was not true under all stimulating conditions. 

In addition to reports of awareness of movement and of dizziness, 
subjects have been asked to report feelings of discomfort and nausea 
and to make judgments about apparent movement of siiiTounding 
objects. Exam])Ies of experiments involving both these kinds of 
reports may be found in the work of aviation research groups during 
World War If. In a summary of experiments by several investigators 
Bard has listed the symptoms of motion sickness as occurring usually 
in the following sequence: ‘‘drowsiness, pallor, cold-sweating, nausea 
(usually ushcainl in by some degree of epigastric awaremess), and 
vomiting (whicli may not oeeuri.” He adds that ‘‘headache and 
dizziness are vague symptoms occurring only irregularly” and that 
true vertigo and nystagmus are evoked only when there is angular 
acceleration.^^ 

Graybiel, Clark, and associates, working at the Naval School of 
Aviation Medicine, Pensacola, Florida, have described twm visual 
illusions r(‘|)nrte(i by human subjects in whom vestibular stimulation 
was brought about by maneuvering a plane or Link trainer or by 
rotation on a human centrifuge. One, which they call the oculogyral 
illusion^ occurs during angular acceleration and is therefore thought 
to result from stimulation of receptors in the semicircular canals. 
The second, named the oculogravic illusion, occurs when centrifugal 
force is acting and is thought to result from stimulation of the otolith 
organs. The oculogyral illusion consists of the apparent movement 
of a fixed object; the oculogravic illusion, of the apparent displace- 
ment of tlie object [3, 15]. 

It has been stated earlier that discriminatory responses of animals 
have seldom been used in the study of the vestibular system. Note 
should be taken, however, of experiments by Spiegel and Oppenheimer, 
in wiiich they report obtaining a conditioned response in dogs to 
changes in position and to angular acceleration [32]. The animals 
were carefully fastened in position on a tilt-table or rotating platform. 

st^nsation that the external world is revolving; about, oneself or that 
one’s own body is revolving in apaeo, when actually neither movement is taking 
plach. 

Personal communication. 
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One leg was free to flex upon application of the unconditioned stimulus, 
shock. Conditioned responses to slow changes in position about the 
horizontal axis were established not only in the intact animal but also 
in animals in which the following surgical ablations were carried out: 
(a) section of the posterior columns and dorsal spinocerebellar tracts 
at the first or second cervical level, (6) destruction of both labyrinths, 
(c) combination of a and b. In animals in which operation c was 
performed, the experimenter concludes that the conditioned responses 
must have been based upon non- vestibular sensory impulses carried 
by the remaining ascending tracts of the spinal cord. 

The conditioned responses to angular acceleration were established 
readily after section of the posterior and dorsal spinocerebellar tracts 
and paralysis of the eye, facial, and mastication muscles by local 
anesthetic. After bilateral labyrinthectomy, on the other hand, con- 
ditioned responses could not be obtained for a period of % to 2 months. 
Repeated training trials finally resulted in conditioned responses, first 
to rapid and eventually to slow rates of acceleration. Discriminatory 
reactions to direction, which were obtained in normal animals, could 
not be established in the labyrinthectomized dogs. 

Because of their experimental findings, Spiegel and Oppenheimer 
question the adequacy of theories which account for the awareness of 
rotation entirely on the basis of sensory impulses from muscles whose 
contractions are reflexly produced upon vestibular stimulation. These 
results, in addition to those obtained by Spiegel in other experiments 
(see p. 307) , suggest the need of further investigation of the direct 
connections of the vestibular receptors with higher nervous centers. 


Ablation Methods 

As in the study of kinesthesis, selective ablation has been of funda- 
mental importance in the study of the vestibular system. It was the 
method employed by Fluorens in the classical experiments in which he 
firmly established the role of the semicircular canals in postural adjust- 
ment and coordinated movement [13J. Fluorens not only destroyed 
the whole of the vestibular system on one or both sides; in some experi- 
ments he sectioned individual canals and pairs of corresponding canals, 
e.g., both lateral canals or the anterior canal on one side and tlie 
l)ostcrior on the other. 

Following the work of Fluorens ablation was the method most 
often used to analyze further the functions of the vestibular system. 
Surgical procedures differed widely, and the results often reflected the 
exactness or crudeness of the procedure. . Knowledge of tlic vestibular 


system was nevertheless rapidly advanced by the experiments in which 
carefiilj refined techniques were employed.. 

Not only w^ere the experimenter’s surgical skill and carefulness 
important in the ablation experiments but also of significance w^as the 
type of animal used. In birds and fishes the canals, utricle, and saccule 
can be exposed easily, and individual parts separately destroyed or 
damaged. In the frog, the amphibian usually studied, the small size 
of tlie labyrinth makes destruction of separate parts extremely difficult. 
Nevertheless, several investigators, by using a dissecting microscope, 
have been able to render separate parts of the labyrinth non-functional 
by crushing or cauterizing them or by sectioning the nerve supply. 

In mammals the labyrinth lies imbedded in the very hard portion 
of the temporal bone. Exposure and destruction of any part of the 
vestibular mechanism without damage to other parts are all but 
im])ossible. Furthermore, the position of the labyrinth is such that 
injury may be done to the cerebellum or to neck muscles, both of 
which are important in postural control. If unintentional damage is 
done to either vestibular or non-vestibular structures wdthout the 
ex[)erimenter\s knowledge, the results of ablation will be misinterpreted. 
Disagreement among many early experimenters using ablation tech- 
niques was often the result of differences in exactness of surgical 
procedure. 

The ablation method has also been applied in studying the central 
nervous connections of the vestibular system. For example, in experi- 
ments on motion sickness, Bard has obtained results which throw’^ new 
light upon the role of the cerebellum in controlling responses aroused 
by vestibular stimulation. Tests were made of the vomiting 
res].)onses of dogs subjected to swing stimulation before and after 
ablation of parts of the cerebellum. A typical animal vomited wdthin 
8 to 25 minutes in each of 11 test periods given at w^eekly intervals. 
After destruction of all the cerebellar cortex no vomiting occurred in 
14 separate test periods, in each of which swinging was continued for 
60 minutes, nor in one additional period of 2 hours. Similar results 
were obtained in other experiments in wliicli only limited portions of 
tile cerebellum were ablated, 

SUMMARY 

The proprioceptive system consists of a kinesthetic division and a 
vestibular division. Kinesthetic receptors, i.e., proprioceptors in the 
muscles and tendons, were first discovered through anatomical methods. 

Fereonal eommnmcation. 
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Selective ablation methods were then used to establish the functions 
of the different kinds of receptors and to investigate the role of 
kinesthesis in the control of posture and locomotion. With the devel- 
opment of electrical stimulation and recording methods it has been 
possible to make a more exact analysis of the functions of the receptors 
and nervous elements of the kinesthetic system. 

Evidence from experimental studies on lower animals has been 
corroborated and supplemented by clinical studies of man. In a few 
instances psychophysical methods used in animal experiments or 
clinical investigations have added to our knowledge of kinesthesis. 
For the most part, however, methods requiring discriminatory responses 
liave not been used. 

The structures in the inner ear which make up the vestibular end 
organ had been described in detail by anatomists long before anyone 
suspected that they served as the receptors which are stimulated 
by position and movement of the head. Their function was first 
discovered by ablation methods. After this discovery progress in 
understanding the vestibular mechanisms depended mainly upon the 
development of methods of stimulation, methods of recording and 
analyzing responses, and improved ablation techniciues. 

The natural forms of stimulation of the vestibular receptors arc 
position of the head, angular acceleration (rotation) , and linear accel- 
eration. In addition, these receptors may be stimulated artificially 
by caloric, mechanical, and electrical stimuli. 

There are several levels at which we may record and analyze the 
response to vestibular stimulation. We may examine: (1) the activity 
of the receptor; (2) the activity of afferent nerve fibers, tracts, or 
centers; (3) the reflex responses of effectors; (4) the discriminatory 
responses of human subjects or of experimental animals. In most 
instances, experimenters have been interested in responses of the first 
three classes. A wide variety of mechanical, electrical, and photo- 
grai)liic recording techniques has been developed. In some experiments, 
however, subjects have been instructed to report the least noticeable 
motion or to make judgments about the position and motion of objects 
in space or to describe such experiences as dizziness, vertigo, and 
nausea. In animals conditioned responses have been established to 
angular acceleration and to slow changes in position. 
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Chapter 12 


Studying Animal Behavior 

Harry F. Harlow^ 


Psychologists have studied the behavior of animals other than man 
out of sheer curiosity — a desire to know how and why all animals 
respond as they do. In addition, psychologists have made comparative 
studies of the behavior of different animals to determine whether 
comparable response patterns show" progressively increasing complexity 
as we ascend the phyletic scale. Such a finding would be in keeping 
with general evolutionary theory. 

The primary reason, however, for the use of subhuman animals in 
psychological experiments lies in the fact that more precise methods 
and more adequate controls can be exercised over animals other than 
man in the laboratory. Indeed, many psychological problems can be 
tested only on subhuman animal subjects. 

Thus the essential reason for the study of comparative psychology 
is a methodological reason, a desire on the part of the psychologist 
to study as completely as possible all the factors which underlie 
behavior and to test and determine under controlled experimental 
conditions all the variables intervening between the presentation of 
stimuli and the measurement of responses. 


Advantages of Subhuman Subjects 

The general methodological advantages found in the use of sub- 
human animals as experimental subjects are as follow^s: 

1. It is possible to control the external environment to a greater 
degree with lower animals than with man. Psychologists have long 
been interested in the nature of visual organization in animals before 
these functions have been modified by experience. No practical and 
precise method of testing vision in any newborn animal has ever been 

1 Professor of Psychology, University of Wisconsin. 
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devised. The logical solution of the problem is to deprive the subject 
of any oi)portimity for visual experience until he has reached such 
an age tliat adequate experiments can be made. Such procedures are 
impracticable witli eliildren but vvere actually einployed by Hebb \m] 
in determining the innate organization of visual functions in rats. 

Analysis i>f the roles of lieredity and environrnent in sex behavior 
demainls that drastic control be maintained over the external environ- 
ment. Such controls have been carried out, using guinea pigs and 
rats as subjects. The animals were raised in isolation from early 
infancy until maturity, and the nature of the sexual response patterns 
then tested. 

These examples illustrate the general principle that greater control 
can commonly be exercised over the environment of any laboratory 
animal than over man. For most experiments such control is desir- 
able, and fur many experiments it is essential. 

2. The life span of niost subhuman animals is shorter than that of 
man. As tlie science of psychology develops, greater emphasis may 
be expected to be given to long-term, as opposed to short-term, experi- 
ments. The effect of various external and internal environmental 
conditions over considerable portions of the life span and the nature 
of iniieritaiice come to coinmand greater attention. 

An exani[)]e of long-term study is that of the influence of feeding 
frustration during late infancy (15 days of age) upon the behavior 
of adult rats. This specific investigation was carried out by Hunt [18], 
who found that an experimental group hoarded more than twice as 
many pellets as their Utter mate controls in the postfrustration tests. 
These tests began at 150 days of age, approximately 11 years in terms 
of man^s life span. Hunt specifically states, “The rat was chosen 
because it is a convenient laboratory animal, with a brief life cycle.’^ 

Tryons [31] comprehensive investigation of inheritance of maze- 
running ability in the rat was carried out for 20 generations (600 
years had human subjects been used!). Progressive differentiation 
between maze-bright and maze-dull rats took place for 7 generations 
(210 “human years”). Similar studies have been carried out at 
Minnesota on the inheritance of maze-running ability and on the 
inheritance of general activity. 

The use of animals in inheritance studies is facilitated not only by 
the abbreviated life span of the subhuman animal but also by the 
ability of the experimenter to maintain control over the environment. 
Human inheritance studies give results obscured by the fact that men 
have enough control over their environment to mate frequently by the 
dictates of whimsy and transient preferences — conditions not permitted 
rats at the California and Minnesota laboratories. 



3. A greater degree of control can be exercmed over the physiological 
state and organic structure of animals other than man. Many 
important psychological problems cannot be investigated unless tlie 
physioit)gical state of the organism can be drastically altered. Also, 
other basic psychological problems can l)e solved only by o})erative 
|)roeedures whiidi leax'c the organism suffering pcannanent deficit. 

Some basic problems of motivation can be solved only by experi- 
ments in which the animal undergoes serious physiological deprivation. 
This is illustrated by Warden’s [32] investigations on strength of 
drives, in which restrictions on food and water were carried to critical 
limits with some experimental groups. 

The alteration of organic structure through operative intervention 
is one of the important methods of animal psychology. This method 
cannot be used in any deliberate and radical manner on man. The 
importance and extent of this technique are attested by the fact that 
such procedures are described in Chapters 6, 7, 9, and 15 of this book. 

The use of operative methods in the analysis of complex behavior 
patterns is illustrated by Beach’s [3] studies. Elicitation of such 
basic reaction patterns as the copulatory responses in the male rat 
is affected by inactivation or partial inactivation of the visual, olfac- 
tory, and cutaneous receptor systems after enucleation of the eyes 
and transection of the olfactory bulb and trigeminal nerve. Likewise, 
cortical lesions above a minimal size seriously affect the arousal of the 
male copulatory responses. 

Lashley’s [22] classical study of the effect of cortical lesions showed 
clearly the use and importance of such methods in the field of learning. 
In the analysis of factors operating in complex learning problems these 
techniques have been used to test delayed response in rat, monkey, 
and chimpanzee, reasoning in rats, and hypothesis formation by rats 
and monkeys. 

General Methods of Comparative Psychology 

Historically the broad general methods of comparative psychology 
have been described as (1) the anecdotal, (2) the observational, and 
(3) the experimental. 

The anecdotal method implies the acceptance of the undocumented 
and often casual accounts of untrained individuals. The limitations 
of the anecdotal metliod, so defined, have already been explicitly 
formulated [33]. 

The observational method has been described as observation of the 
animal without attcm])t to control or alter the conditions of the 
natural environment. Defined in this manner, the ^^observational” 
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method has become associated with studies of the behavior of the 
wild animal in the field or with studies of the development of domesti- 
cated animals under circumstances in which no special or unusual 
controls were exerted. The observational method has been con- 
trasted to the experimental method, in which precise, multiple controls 
are exerted over both the external and internal environment of the 
animal. 

Field studies illustrate the observation method, and the studies by 
Carpenter on the behavior of the howler monkey, spider monkey, 
rliesus monkey, and gibbon are examples of unparalleled excellence of 
the efficiency of the observational method when carried out by the 
skillful and patient investigator. In his research on the howler 
monkey, for example, Carpenter was able to make a highly adequate 
census of the howler population of each of the twenty-eight clans 
inliabiting Barro Colorado Island in the canal zone. He was able to 
differentiate the animals into age and sex groups, to plot and time the 
typical daily activities of the monkey, to determine the essential group 
integrations, social relations, and intragroup behavior, and to deter- 
mine basic reaction patterns of feeding, language coordination and 
control, play, mating, nesting, and arboreal movement and progession. 

Carpenter's study [4] is of particular importance, since he empha- 
sized the number of different procedures wliich were used or could 
be used in the field study, and it should be noted that these are by no 
means limited to techniques of uncontrolled observation. These pro- 
cedures are given below: 

1. Direct observation with complete concealment of the observer. 

2. Direct observation from ambush. 

3. Direct observation after neutral conditioning of the animals to 
the observer. 

4. Indirect observation: the study of spoor. 

5. Experimentation. 

6. Photography. 

7. Collections. 

The observational method should be thought of as a technique in 
which the responses measured are recorded by the experimenter by 
grapliic or oral' means. Experimental techniques involving control 
over the environmental and organismic variables may be used when 
the responses are observationally recorded. 

Observational recording methods, as opposed to mechanical record- 
ing methods, are commonly used in or out of the laboratory when the 
response to be measured is so complex or delicate that it is impossible 
or impracticable to utilize the more strictly objective methods of 
mechanical recording. 
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The shortcomings of common mechanical recording methods are 
indicated by Guthrie’s [10] descriptive study of the behavior of cats 
in the solution of puzzle-box problems. Guthrie has emphasized the 
fact that psychologists have usually measured the results of the ani- 
mal’s responses — movements of levers, opening of doors, choice of 
alleys — and have failed to measure the actual responses, the move- 
ment patterns of the animal. Guthrie stressed the importance of 
mea.suring these movement patterns. To do this, he made extensive 
use of photographs and motion pictures, but the pictorial record nieiady 
amplifies and objectifies the more essential and more complete observa- 
tional records presented in written language form. 

Many psychologists have used both observational and instnimenta! 
techniques to obtain independent measures of the same psychological 
trait. In his study of the inheritance of temperament, Stone [29] 
made observational ratings of wildness in terms of eleven items and 
also measured wildness in terms of an instrumental measure, the per- 
centage of animals failing to run a labyrinth and enter a food box in 
a limited temporal interval. The results of this study and many other 
studies in which both observational and instrumental measures have 
been used show that observational records may be as reliable and as 
valid measures of the trait investigated as are the instrumental 
records. 

Although historically the experimental method has been contrasted 
to the observational method in comparative psychology, a better 
dichotomy is to oppose the observational recording method and the 
instrumental recording method. 

Comparative psychologists have quite properly emphasized method- 
ology and have made great efforts to obtain objectively recorded 
measures of their data. This has commonly been done either by 
having the responses recorded completely automatically or by having 
the responses, which are actually recorded by observational means, 
so simple that there is little or no chance for error. 

There can be no question of the desirability of the use of recording 
devices as long as the instruments effectively measure the responses 
essential for problem testing. It must be remembered, however, 
that recording instruments can seriously interfere with efficient 
response by the animal. Furthermore, it may be impossible to meas- 
ure by existing instrumental means responses and response systems 
of great psychological importance. 

In their urge to attain complete objectivity, comparative psycholo- 
gists have not infrequently become victims of the Procrustean method; 
i.e., they have “adapted” the animal to the apparatus rather than 
devise apparatus adapted to tlie animal. Negative results have been 



obtained, and the responsibility for these results has been erroneously 
laid on the subhuman member of the research team. 

Effective apparatus for testing subhuman animals can be devised 
only by trying out many forms and types and selecting those which 
prove to be most efficient. Likewise techniques for taming and adapt- 
ing animals to apparatus and effective testing methods can be discov- 
ered only by trying out different procedures and retaining those which 
prove to be efficient. 

Failure to recognize these basic facts has led highly competent 
comparative psychologists into gross errors — the “discovery’^ that 
animals did not have some capacity or could not solve some problem 
that actually lay well within their range of capabilities. The failure 
of subhuman animals to solve problems has often demonstrated 
nothing other than the faulty design of the apparatus or the inade- 
quacies of the test procedures. 

TECHNIQUES OF MEASURING MOTIVATION 

Tlie investigation of the motivational forces which initiate, acti- 
vale, maintain, and direct the behavior of the animal is basic to all 
psychological investigation. The distinctive techniques which com- 
])arative psyeliology has devised have contributed much to our knowl- 
edge of motivation. 

The })roblems of motivation may be divided into two broad 
categories: (1) the drive mechanisms — the internal stimuli and organic 
sets initiating activity and predisposing the animal toward making 
differential responses; and (2) the incentives or goal objects — the 
external stimuli toward which or away from which the responses of 
the animal are directed. 

It should be emphasized that these two motivational categories are 
never separate but are constantly interacting, so that techniques and 
apparatus primarily designed for investigating the properties of one 
may also be useful for investigating the properties of the other. For 
purposes of classification, however, they may be treated separately. 

Methods of Studying the Drive Mechanisms 

The simplest fuucUtni of the various drive mechanisms is the libera,- 
fion of energy whicli results in ^^Bponianeous'’ or general activity on 
tlie part of tlie animal This general activity can be measured ])y 
recording the movement of the subjects housing unit or by direct 
observation of the overt 'behavior of the organism. 
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riie most commonly used apparatus for recording gtia'rnl uctivitv 
is the revolving drum (sec Fig. 1) and its adaptations, wiiich mvumir 
activity ill t,erms of revolutions or partial revolutions of Uie luetal 
cylinder. The mdiv ity s(*ore iiiay 
be qiiaiditati\ely rtnujiiled by a 
c^n'Iometer, or it, may be reimiiled on 
a kymographic drum if a continuous 
record showing the temporal distri- 
bution is desired. 

The revolving-cage method gives 
reliable results if adequate tests are 
made of the physical characteristics 
of the individual cage units. Large 
numbers of animals can be tested, 
and scoring is simple and unequivo- 
cal. The limitation of the method 
lies in the difficulty of adequately 
measuring the role played by any 
individual drive (or incentive) in de- 
termining the total score. 

A continuous measure of general 
activity may be obtained using 
Richter’s tambour cage [25], which 
is illustrated in Fig. 2. The tambour cage has been used less frequently 
than the revolving cage because of greater mechanical difficulties and 
because a kymographic record gives a score less quantitatively recorded 
and less efficiently handled than the record from a cyclometer. 

The tambour cage has been used to measure direction, as well as 
mere amount, of activity. For example, the apparatus can be so 
arranged that incentive chambers for food and water open directly 
into the tambour cage, and the exact response made to either incentive 
can be recorded. 

Spontaneous activity in sheep and man has been measured by the 
pedometer, which, like the revolving drum, gives a measure of total 
activity per unit time. 

Various simple cage devices have been used to measure activity 
recorded by direct observation; the number of units of floor space 
touclied, entered, or passed over is the common criterion of responsive- 
ness. The disadvantage of such techniques lies in the fact that, since 
the experimenter is the measuring instrument, the technique becomes 
extremely time-consuming. Such difficulties might be alleviated in 
part by standardized time sample procedures* 

The drive mechanisms, particularly the strength of a particular 
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drive, may be effectively studied by obtaining a measure of the' 
presence or absence of response, or the frequency of response in a 
given period of time, to a stimulus of constant intensity. Stimulus 
satiation has free piently been measured by the direct observation of 
the experimenter with the use of simple apparatus, often nothing more 
than a chamber delimiting or directing the subject’s behavior. 



Fig. 2. Richter’s tambour cage. 

a » faimbour cage, b = tambours supporting cage corners, e = recording tambour from cage, 
d *w recording tambour from food box. 

Strength of the sex drive has been studied in the male rat by observing 
the frequency of copulation in a limited time interval when the male 
was presented with a female in estrus. With such techniques the 
effects of previous experience, inanition, castration, hormonal injection,' 
sense-organ destruction, and cortical injury have been investigated. 

Maternal behavior has been similarly tested by recording the num- 
ber of infants which a mother rat will return to the nest in a given 
time interval [2]. This technique is unquestionably applicable to 
other species. The strength of b{)th maternal and temperature-regu- 
lating drives has been measured by determining the satiation point 
for the collection of paper strips and their incorporation into a nest. 

The Skinner box [27] (see Fig. 3), is an apparatus designed to 
determine automatically a quantitative measure of satiation. The 
strength of drive is measured in terms of the rate of manipulation 
(frequency of response per unit time) of a lever which releases a food 
pellet each time it is depressed. This scoring technique makes it 
possible to measure not only. satiation but also any progressive tend- 
ency toward satiation. The Skinner box, it may be noted, has been 



used successfully in measuring certain simple aspects of the condition- 
ing or learning process and, when modified by using two levers instead 
of one, may be used to measure discrimination. 

The great merits of the Skinner box are the control of environ- 
mental stimuli, the automatic recording, and the accurate quantitative 



A pellet of food is automatically released in the food pan each time the lever is depressed, 

measures obtained. The limitation of the box lies in the fact that 
it cannot be easily adapted for use in measuring drives other than 
hunger and thirst. 

The Columbia obstruction box (see Fig. 4) measures the strength 
of a drive in terms of its ability to overcome or counterbalance the 
constant negative stimulus of an electrically charged grill. The 
strength of any particular drive is given in terms of the approaches, 
contacts, or crossings of the grill in a 20-minute period. Test-rctest 
methods indicate that the measures are reliable, and the results cor- 
relate well with other more direct methods of measuring specific drive 
strengths. 

The value of the Columbia obstruction method lies in the fact that 
quantitative measures of the strength of a particular drive can be 
made under varying conditions of physiological need. A direct com- 
parison of the strength of different drives is practicable with this 
technique [32] . Although this method has proved to be one of the 
outstandingly effective techniques for measuring animal motivation, 
certain limitations should be noted. No animal other than the rat 
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lias been successfully tested by means of the obstruction method, even 
though a serious attempt was made to adapt the technique to monkeys, 
an animal family emotionally allergic to electric current. Further- 
more, there is the possibility that electric shock, even in the rat, may 
disturb, in varying degrees, the normal relationships between each and 
every drive and its natural goal objects. 



Fig. 4. Columbia obstruction apparatus. 

A = entrance compartment, B = electric grid, C = incentive compartment. 

Methods of Studying Incentives or Goal Objects 

The drive nu'chanisms are characteristically investigated l)y holding 
the incentives constant (or relatively constant) and studying the effect 
of the systematic introduction of variable experimental conditions 
up«m the strength or frequency of response. Similarly, the role of 
incentives as motivational forces has been studied by holding drives 
constant and measuring the strength or frequency of response to 
various incentive conditions or other related environmental factors. 

\\hQn drive conditions arc held constant, various incentives have 
differing motivational values. The detailed studies of food preferences 
are goo<l examples of incentwe preference investigations. Young [37] 
has shown that food incentive preferences in the rat form a transitive 
series and becoxiie more consistent with practice. He also found 
thill the form of tlic apparatus has an effect upon incentive preferences. 
Tluis, when the stimuli to be discriminated were close together and 
their position constantly interchanged, the choice was made on the 
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basis of head receptors— those of taste, smell, and vision. If, on the 
other hand, the foods were widely separated and kept in fixed po-sitions, 
the preferential choices were based to a large extent on bodily iiecib 
and metabolic state. Figure 5 illustrates an apparatu.s now being 
used in preference studies. 

There is a wealth ot investigations demonstrating preferential food 
incentives for many animals— rat, pig, cow, monkey, chimpanzee, and 
man. The role played by preferential incentives, the appropriate 
goal objects, to the primary drives other than hunger, has not been 
investigated as widely, as accurately, or in such detail. There are, 
however, many researches showing that preferential incentives appro- 
priate to the thirst, sex, maternal, and temperature drives do exist 
and play an important role in directing behavior. 



Fig. 5. Young’s preference-testing apparatus. 

A ~ entrance chamber, B == test chamber, = food choices. 

Incentives are effective motivational agents only if they arc appro- 
priate to some particular drive. Thus water is an effective incentive 
only if the animal is thirsty. This basic relationship between incentive 
and drive was clearly demonstrated in studies carried out by Tolman 
and coworkers [30] on maze learning. Hungry animals were found 
to perform efiSciently on mazes only if they had been rewarded with 
food on the previous trial, and thirsty animals, only if they had been 
rewarded with water on the previous trial. 

The role of incentive I**!® indirectly recognize<l 

in many motivational studies. In studying the hunger, thirst, mater- 
nal, or exploratory drive by means of the Columbia obstruction 
method, an appropriate incentive is always offered in the incentive 
chamber. 

The appropriateness of particular incentives to particular drive.s 


rests upon a biological basis— the incentives are especially efficient 
agents for reducing physiological tensions underlying the drive mech- 
anisms. By association or conditioning, however, previously indiffer- 
ent incentives may become goal objects for particular drives. Such 
second-order incentives have been demonstrated by using conditioning 
and maze-learning techniques and the Skinner box apparatus. 

Chimpanzees will work to obtain chips from a vending machine 
and will utilize these tokens appropriately to obtain food and activity 
rewards [34]. Some animals will collect as many as thirty tokens 
before exchanging them for food. Simple habits have been established 
using “poker”-cliip token incentives instead of food [5], The general 
method has been used with limited success on rats and dogs and -would 
he of the greatest potential value in the analysis of complex motiva- 
tional factors if it could be made readily adaptable to the study of 
animals other than the chimpanzee. 

The method of incentive facilitation has been used in investigating 
the role of social incentives in many animals, particularly with regard 
to eating behavior. Thus it has been shown in hen [1], rat [12], 
and monkey [13] that the presence of other members of the same 
species may increase the rate of feeding or the total amount of food 
consumed or may reinduce eating in an animal previously satiated. 
Drive is lield constant in these studies, and only the facilitating 
incentive, the social incentive, is varied. 


TECHNIQUES OF MEASURING DISCRIMINATION 

The investigation of the ability of animals to discriminate between 
different stimuli is important, since receptive capacities are basic 
factors influencing all behavioral adjustments, innate and acquired. 

Stimulus receptivity is measured in subhuman animals by consist- 
ency of response to a particular stimulus-cue when all other conditions 
are constant or controlled. Consistency of response is statistically 
defined and must be sufficiently rigid to exclude explanation in terms 
of chance factors. The response itself may be a visceral response, 
such as salivation, a skeletal response, such as limb flexion, or the 
end result of some complex pattern of response, such as always choos- 
ing the blue stimulus and always avoiding the yellow. Discrimination 
can be tested only if the animal perceives the stimulus and can be 
induced to respond to it. Since neither of these conditions can be 
proved beyond question, negative results, failure to demonstrate dis- 
criminative abilities, are always open to question, as many competent 
psychologists have found to their regret. 
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The upper and lower limens or limits of receptivity arc' conuuonly 
measured by demonstrating consistent response to one stimulus and 
consistent failure of response to another. Stimulus differentiation, 
including difference limens (the minimal stimulus differences to which 
consistent differential response is made), is frequently measured by 
consistent selection of one stimulus and avoidance of the other. 

Discrimination in subhuman animals has commonly been measured 
by four different types of response ; the first two types may measure 
unlearned responses, but the last two always involve training. The.«e 
four types are as follows: (1) consistent unlearned responses, changing 
in a predictable manner, follow'ing changes in a stimulu.s; (2) consistent 
preferential responses to multiple stimuli; (3) learned differentiation 
of successively presented stimuli; (4) learned differentiation of simul- 
taneously presented stimuli. 

Representative techniques employed in the measurement of dis- 
criminations in subhuman animals, and the as.soeiated ]n’i,)blenis, 
limitations, and particular merits of the various rc-presentative. tech- 
niques may be adequately discussed in terms of these four types of 
measures. 


Consistent Unlearned Responses, Changing in a Predictable Manner, 

Following Changes in a Stimulus 

When an animal climbs a slope, the pull of gravity .stimulates cuta- 
neous and kinesthetic receptors. As the steepness of the slope 
increases, the effects of the pull of gravity on the climbing animal 
become greater, and the receptors are presumably subjected to greater 
intensity of stimulation. The ability of rats to respond to such 
stimulation and to make differential responses to differential stimulus 
intensity was demonstrated by Crozier and Pincus [6] . Inexperienced 
and immature rats, whose eyes had not yet opened, were used as sub- 
jects, and tests w^ere made under low red-light illumination. Typical 
results are illustrated in Fig. 6. The consistent unlearned responses 
are the rats’ climbing angles (6) across the wire mesh grid, and these 
change in a predictable manner when changes occur in the stimulus, 
which is the angle (a) of inclination of the wire mesh grid to the hori- 
zontal plane. 

Thus Fig. 6 shows climbing angle 6 to be 45 degrees when the angle 
of inclination a of the grid is 20 degrees, and 6 increases to 88 degrees 
when a is increased to 70 degrees. 

If an animal is restrained in a box, as illustrated in Fig. 7, and its 
head is held relatively immobile, automatic optokinetic or optically 
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induced nystagmic reactions will take place when a series of lines is 
rotated across the visual field. As the stimulus of line width is 
reduced, the unlearned nystagmic responses change in a consistent, 
predictable manner until finally no measurable nystagmic responses 




Test^ TestB 

Fig. 6, Crozier’s geotropism test. 

Tesf Ai Angle a = gnd inclination == 20°, Angle 6 = climbing angle = 45°. 
Test B; Angle oc *= grid inclination = 70°, Angle 0 = climbing angle = 88°. 



Fig. 7. Smith $ apparatus for measuring optokinetic responses in mammals. 

A ^ stationary restraining box, « frame of rotating cylinder, C == threads, diameter as 

desired# 0 » viewing tube. 

occur. At this point n reasonably accurate lucasiu'c of ininiiuuiu 
separable visual acuity is obtained. 

This technique, extensively used by Smith [ 28 ] and associates to 
study visual discrimination in both normal and brain-injured animals, 


is known to be applicable to many mammals. Smitlfs tecliuifiiie 
enabled him to test many subjects rapidly md efficiently. In this 
regard, use of the method gives an admirable illustration of the fMct, 
that consistent unlearned responses can often be measuj*ed more 
rapidly than learned responses, an important praeticad eonelusion if 
large groups of animals are to be tested. Furthermore, unlearned 
responses can be used to measure receptive capacities in animals, evtai 
though the ability to learn has been impaired or abolished by 
extensive cortical damage. Indeed, the only justification for the use 
of training methods as techniques for the measurement of sensory 
capacities lies in the fact that greater precision lias been obtained 
with learning procedures. 


Consistent Preferential Responses to Multiple Stimuli 

Preferential discriminatory responses based on gustaiory-olfactory 
cues were demonstrated in the rat by Richter [26], using an apparatus 
such as that in Fig. 8. The small tubes were filled witli various foods 
in aqueous solution, and the subjects showed an amazing ability to 



Fig. 8. Richter’s self-selection feeding cage and food receptacles. 

discriminate between the contents and select solutions conducive to 
the maintenance of approiiriate bodily economy. 

Unfortunately preferential discriminatory responses are compara- 
tively inaccurate for receptor systems other than the gustatory-olfac- 
tory. Yoshioka [36] demonstrated that rats will eat a greater number 
of large sunflower seeds than small ones and that this response is 
dependent upon visual cues. The preferential responses demonstrated, 


however, are comparatively gross. Preferential discriminatory 
responses have been indirectly demonstrated by showing that chicks, 
nits, monkeys, and chimpanzees learn better when either larger 
amounts or more highly preferred kinds of food are used as incentives. 


Learned Differentiation of Successively Presented Stimuli 

Sensory discriraiiiation in animals may be tested by training the 
subject to respond consistently whenever a particular stimulus is pre- 
sented and not to respond whenever 
either (a) no stimulus is presented, 
or (b) a different stimulus is pre- 
sented. This technique is commonly 
used when sensory abilities are tested 
by conditioning methods, which were 
described in detail in Chapter 2. 

This general method was used by 
Harris [15] to test auditory acuity 
in monkeys by means of the sta- 
bilimeter shown in Fig. 9. The 
stabilimeter is essentially a cage sus- 
pended from a sensitive metal bel- 
lows. Responses by the subject pro- 
duce cage movements which can be 
observed easily or recorded mechan- 
ically. Training is carried out by 
presenting the conditioned stimulus, 
a tone, and then presenting the 
unconditioned stimulus, a shock, 
administered by applying current 
from the floor of the cage to a wdre- 
wound leather harness strapped to tlie monkey. 

The stabilimeter is an adaptation of a rotating-drum apparatus [7] 
used in testing absolute intensity thresholds in guinea-pigs and cats. 
The animal was placed in the movable drum, and the conditioned 
stimulus, a tone, was presented. If the subject made no movement 
of the drum when the tone was sounded, it received a shock; if it 
did move the drum, it was not shocked. By this method the number 
of electric shocks, which can easily disrupt learning, was kept at a 
minimum. 

The general technique described in this section— the learned differ- 
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Fig, 9. Stabiiimeter for testing 
auditory acuity in the monkey. 

A — restraining cage, B = metal bel- 
iows, C == wire-wound harness, D = bud- 

speaker. ■ . 


entiation of stimuli successively presented— has proved particularly 
valuable to comparative psychology in measuring auditory capacities 
and especially in the determination of lower limens. The general 
technique can, of course, be used in measuring other receptive capaci- 
ties and in the determination of difference limens as well as low'er 
limens. Any assumption, however, that discriminations, other than 
auditory discriminations, are measured better by methods in which 
the stimuli are presented successively instead of simultaneousiy is not 
substantiated by the most precise studies on either subhuman or 
human subjects. 



Fig. 10. Yerkes-Wafson box. 

A = entrance box, B = reaction compartment, 0, C® = stimuli, D »= electric grid, F « food com- 
partments. 

Learned Differentiation of Simultaneously Presented Stimuli 

Most of the investigations on sensory discrimination by subhuman 
animals have used techniques which involve simultaneous presentation 
of the stimuli. This general technique is highly efficient if the appa- 
ratus used is designed in accordance with basic laws of learning and 
is adapted to the animal subject. 

The Yerkes- Watson discrimination box [9], illustrated in Fig. 10, 
afforded admirable control over the physical characteristics of the 
stimuli but suffered from certain limitations: (1) the stimuli w’-ere kSO 
arranged that the animal would not be assured of attending to and 
perceiving the stimuli when responding; (2) the incentive for correct 
response was not in close spatial contiguity with the stimuli— the sub- 
ject actually had to run away from the stimulus to get the reward; (3) 
the incentive for a response to the correct stimulus was temporally 
distant from the correct stimulus, thereby delaying reinforcement. 
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These limitations were overcome in the Lashley [23] jumping-type 
discrimination apparatus (Fig. 11), in which the rat subjects were 
immediately rewarded for a correct response to a stimulus easily 

perceived during the process of 
responding. The rat jumps from 
a heart-shaped platform having 
one crest pointing to the correct 
stimulus and the other crest to 
the incorrect stimulus, across a 
gap to a stimulus. If the choice 
is correct, the card on which the 
stimulus is inscribed falls, and 
the animal reaches the food 
platform and can immediately 
obtain food; if the choice is in- 
correct, the card remains in 
place, and the rat falls into, and 
is retrieved from, a net below. 

The importance of apparatus 
design is illustrated by the dis- 
covery that rats learn simple 
brightness discriminations much 
more rapidly in the jumping box than in the Yerkes-Watson apparatus, 
and by the tact that form discriminations which cannot be solved with 
the Yerkes-Watson apparatus are mastered without undue difficulty in 
the Lashley jumping box. 

The success of the Lashley apparatus does not depend upon the 
jumping response, since efficiency has been achieved with other appa- 
ratus which present the stimuli in such a manner that they are readily 
perceived, and the reward is in close temporal and spatial relationship 
to the correct response. Fields [9] successfully used discrimination 
ap|)aratus in which rats and raccoons ran under the correct stimulus 
and were immediately rewarded. Rats will also learn discriminations 
with ease if they run through freely swinging cards placed at the end 
of a forked elevated runway. 

An entirely different type of discrimination apparatus was designed 
by Klliver [19] and called the ''pull-in’' technique, a technique used 
with success in studies of rats, monkeys, and chimpanzees. As seen in 
Fig. 12, strings are attached to the stimuli, and the ends of the strings 
placed within reacli of the animal During the time the subject pulls on 
the string he can scarcely avoid perception of the stimulus. If the correct 
stimulus is drawn in, the animal immediately finds food just behind 
the stimulus. A possible limitation of the method lies in tlic fact 
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Bg. 1 1 , Lashley’s iumping-type discrim- 
ination apparatus. 

A =s jumping stand, B® = stimuli, C = net. 


that the animal must engage in fairly extensive manipulations before 
being rewarded (or not rewarded) for response to the correct (or 
incorrect) stimulus. 



Fig 1 2. Kliiver pull-in apparatus. 



Fig. 1 3. Kluver “form board" apparatus. 


Kliivcr’s [201 “fnrm-board” tocbnitiuc (sec Fig. 131 has received 
little attention, although data obtained by Kluver and by others [Hj 
has indicated that it attains unparalleled efficiency in discrimination 
tests on monkev.s. The Kluver “form board" meets all criteria of a 




good discrimination apparatus and has in addition the merit of 
complete simplicity. Its primary limitations lie in lack of con- 
trol of the physical properties of the stimuli used and in the fact 
that its adaptability to testing subprimate animals has not yet been 
demonstrated. 

No discussion of visual discrimination is complete without noting 
the great emphasis which has been placed on utilizing efficient appa- 
ratus and the little emphasis on utilizing efiicient stimuli. Kohts’s 
[21] work on the chimpanzee indicated that stereometric objects 
(three-dimensional objects differing in over-all size and form) are 
much more easily discriminated by the chimpanzee than are the types 
of stimuli (designs painted on flat surfaces) commonly used in com- 
parative psychology laboratories, and it is not unlikely that this 
finding would hold good for many other species. Harlow has demon- 
strated that monkeys learn to discriminate stimulus objects differing 
in color or total form more readily than stimuli differing only in their 
inscribed patterns [14]. 


TECHNIQUES OF MEASURING LEARNING 

Comparative psychologists have given more attention to problems 
of learning than to any other single field. In spite of this fact, the 
number of new and distinctive techniques devised for the study and 
analysis of learning phenomena is surprisingly limited. 

Many studies on the analysis of learning and the factors influencing 
learning have used the same techniques that have been developed for 
studying discrimination and motivation, or slight modifications of these 
techniques. ■: 


Adaptation of Discrimination Learning Tediniques to Other Learning 

Problems 

As has already been described in Chapter 2, the conditioned reflex 
methods and techniques have been used in the analysis of the basic 
phenomena theoretically underlying the learning process and in the 
attempted analysis of more complex forms of learning, the so-called 
higlier-order conditioned responses. 

Recently a series of conditioning studies [17] was made, using the 
Skinner box (see Fig. 3) for analysis of some of the more basic con- 
ditioning phenomena, such as reinforcement, extinction, generalization, 
and relation of drive to learning. 


Conditioning techniques have proved successful in detailed and 
quantitative analysis of the phenomena underlying conditioning. 
There is no reason, however, to assume that these results or these 
phenomena have wide generalization to all learning situations. Con- 
ditioning techniques have not been successfully adapted to the study 
of more complicated kinds of learning. 

The typical discrwnination techniques^ in which two or more stimuli 
are simultaneously presented, have been frequently used in their 
original or modified form in the study of the phenomena of learning. 

Both the Lashley jumping box and the Kluver “form board” (see 
Figs. 12 and 13) have been used to test the ability of various animals 
to respond to some generalized form, such as “triangularity,” and to 
avoid all other forms. 

The nature of the results may be indicated by noting that Fields [8] , 
in a comprehensive study, was able to train rats to respond to the 
triangle without regard to size, rotation, color, or number. Further- 
more, the rats w^ere able to distinguish the triangles from a host of 
different negative figures. After Fields^ original study, investigators 
have used discrimination techniques to measure similar abilities in 
cats, dogs, raccoons, monkeys, chimpanzees, and children. Although 
the exact theoretical import of these studies has occasioned dispute, 
the tests show how effectively discrimination techniques may be used 
in the investigation of more complicated learning problems. 

A host of learning problems of widely varying complexity has been 
studied with slight adaptations of accepted standardized discrimina- 
tion techniques: discrimination box, jumping box, and “form board” 
(see Figs. 10, 11, and 13). Thus “hypotheses” in rats have been 
investigated, delayed responses in rats, monkeys, and chimpanzeeKS 
tested, and the ability of rats, monkeys, and chimpanzees to compre- 
hend differences (oddity) and similarities (matching) has been 
; 'measured. 

In comparative psychology the maze has been the most widely used 
apparatus for investigations of learning. It has been applied to the 
study of learning in the earthworm, cockroach, fish, turtle, rat, mon- 
key, chimpanzee, and man and has proved useful in testing a wide 
variety of conditions that influence learning, including spaced practice, 
delayed incentives, strength of drives, and factors of age, sex, heredity, 
inanition, sensory control, and neural injury. 

Two kinds of mazes have been used: alley mazes and elevated 
mazes, as illustrated by Figs. 14 and 15. Alley mazes are passageways 
of wood or metal, usually covered by hardware cloth. Elevated mazes 
are narrow wooden runways, an inch wide or less, raised 1 to 3 feet 
above the ground. Direct comparison of homologous patterns indi- 
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cates that rats learn more readily on the elevated than on the alley 

form,. 



Fig. 14, Elevated maze. 

A — starting point, B = food point, C', C*^ = correct pathways, D^f D^, = Incorrect pathways 

or culs-de-sac. 



Rg. 1 5. Alley maze with four culs-de-sac. 


Intensive research has been done on the nature of the pattern in 
mazes, i.e., the nature and arrangement of the correct pathway units 




and the culs-de-sac, or incorrect pathway units. In the early mazes 
the individual units, both true pathways and culs-de-sac, differed 
greatly in form and in length. The more recently developed mazes 
attempt to equate the physical properties of all individual units, with 
the result that multiple T- or U-shaped units are commonly used. 
Such mazes have proved far more reliable than those in which the form 
of the choice points or the lengths of the individual units differ. 

The limitations of the maze lie in the fact that different species 
adapt to it with varying success (a superior rat will do better than the 
average college student; the inferior college student may be surpassed 
by the cockroach), and that it apparently tests a limited form of 
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Fig. 1 6. Maier's reasoning test. 

See fext for explanation. 

learning, a kind of serial learning. In this regard it should be noted 
that rats selectively bred to be maze geniuses show no unusual abilities 
on other learning apparatus [31]. 

The maze, particularly the elevated maze, may bo adapted for use 
in other problems, possibly measuring more complicated learning 
functions. 

Maier’s reasoning test [24], as shown in Fig. 16, is a case in point. 
The rat is first allowed to explore the entire situation (cxfierienco 1), 
and then is placed on one of the tables (A in Fig. 16) and given food 
(experience II) . The rat is then placed on a different table {B in Fig. 
16) from the one on which he received food, and the problem is to 
oombine experiences I and II and immediately go to the food-rewarded 
table. 
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Adaptations of the elevated maze apparatus have also been exten- 
sively used by Tolman and his associates [30] in the demonstration 
of insightful and ideational behavior in the rat. These investigators 
demonstrated rapid and appropriate selection between alternate path- 
ways after established habits had been altered by changed motivation 
or by mechanical obstruction of preferred pathways. 


Food box 



Fig. 17. Maze used to demonstrate inferential expectation based on 

perception. 

See text for explanation. 


In Fig. 17 is shown a maze used by Tolman and Honzik to demon- 
strate inferential expectation based on perception. In this maze a rat 
may go from starting place to food box by path 1, which is the 
shortest, path 2, the next shortest, or path 3, the longest. Paths 1 and 
2, it should be noted, have a section which is common to both and 
not common to path 3. During preliminary training path 1 was 
blocked at A, and the rats learned to back out of path 1 and take 
path 2. Only when path 2 was blocked at C did they choose path 3. 
In the final tests the block was placed at B across the common section 
of paths 1 and 2. Almost all the rats then backed out of path 1 and 
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chose path 3 rather than path 2. Since path 2 had previously been 
preferred to path 3, it may be assumed that they had perceived the 
relationship of the common path and “inferred” that block B 
obstructed it. 

In behalf of the maze it should be said that many different kinds of 
learning problems may be investigated with it, that tests can be run 
rapidly and efficiently, that the maze may be made automatic if the 
experimenter so desires, and that the generalized maze structure may 
be adapted for special learning problems. 


The Problem Box 

Next to the maze, the problem box has been used in more studies 
in comparative psychology than any other apparatus. One essential 
difference between these two instruments is that the maze has com- 
monly given more satisfactory and more reliable data. 

The problem box is usually a box with a door, wliich is restrained 
by some instrument: a bar, hook, string, latch, lever, plunger, chain, 
or ring. Another form of problem box opens automatically when a 
pole, plate, or series of plates is touched or moved. A single restrain- 
ing device or multiple restraining devices may be used; in the latter 
case, these devices may be opened in any order, or they may be opened 
only in some fixed order. The animal may be placed in the problem 
box and the incentive outside, or the animal may be placed outside 
and the incentive inside. 

The results with most problem boxes have been far from satisfactory. 
Difficulty has been encountered in maintaining motivation; efficient 
control of the stimulus conditions has not been described ; and the data 
usually have low reliability. In spite of all these difficulties, however, 
the problem box has been used in detailed analysis of the learning 
mechanisms in cats, in investigations of cortical lesions in monkeys 
and chimpanzees, in studies of age factors in rat learning, and in the 
comparison of learning capacities in various species of mammals. 


Multiple-dioice Apparatus 

A number of different kinds of apparatus devised for the investiga- 
tion of complex learning problems require that the animal select from 
multiple stimuli. One of the earliest was the quadruple-choice appa- 
ratus devised by Hamilton [11]. The animal was faced with four 
different doors, and the only principle of correctness was that the same 
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door was never correct for two successive trials. Success W’'as meas- 
ured in terms of total doors opened per one hundred trials or in terms 
of kinds of errors made. Tests were made on gophers, rats, a horse, 
(‘ats, dogs, monkeys, and men, and success w^as related to position in 
tile phyletic* series. 

The Yerkes inultiple-choice apparatus [35] (see Fig. 18), presented 
the subject wdth nine or more compartments, of which only some, such 
as three, five, or seven, were commonly used in any single experiment 
or experimental setting. The animal was required to respond consist- 
ently to such arrangements as '‘first on the right/’ “second on the 
left/’ “alternate right and left/’ and “middle.” 



Fig. 18 . Yerkes multiple-choice apparatus. 

A = entrance compartment^ B = reaction compartment, Ci— Ci o = test compartments. Test is for 
middleness,” with compartments 2—6 used on the illustrated trial. 

The nmltiple-choice apparatus, as originally designed, was a large 
enedosed cage, and the stimuli were doors leading to compartments. 
Mure recently tests were made on primates with multiple-choice appa- 
ratus in which the stimuli were boxes with lids. The improved scores 
made by i^rimatos on the second as opposed to the first type of appa- 
ratus, attest to the fact that apparatus must be suitable to the animal 
tested and that apparatus of a particular form is seldom if ever equally 
adapted to all animal species. 

Any discrimination technique which permits choice of stimuli simul- 
taneously presented can be adapted as a multiple-choice apparatus. 
Multiple-choice techniques may be used to test a variety of problems, 
limited only by the ingenuity of the experimenter. In terms of range 
of problems which may be tested, and ready adaptability to a wide 
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variety of animal species, these general techniques offer many yet 
unexplored possibilities. 


EPILOGUE 

The use of animals other than man as subjects for the experimental 
analysis of behavior and its underlying mechanisms offers many 
advantages. A far greater control can commonly be exercised over 
subhuman animals than over human animals, and this relatively high 
degree of control over the multiple organismic variables adds miicli in 
the way of precise experimentation. The life history of the subhuman 
animal can be known and controlled, inheritance may be eqiiat(‘d 
among groups or altered as desired, factors of physiological state can 
be maintained constant or varied at the experimenter's will, and 
physiological or anatomical alterations can be effected with impimity. 
The high degree of control that the experimenter has over many vari- 
ables makes attainable a perfection of experimental design that is not 
possible in all fields of psychological research. 

In less than fifty years comparative psychologists devised and stand- 
ardized many types of apparatus useful in the study of basic motive's, 
simple social behavior, sensory capacities, and simple and complex 
learning phenomena. 

The field of comparative psychology is still relatively new and by 
no means thoroughly explored. New and more efBeient methods of 
measuring such processes as sensory discrimination are still being 
devised, and techniques adequate for effectively investigating the com- 
plex social and intellectual functions are now being developed. In 
spite of the fact that all animal forms oft‘er peculiar and individual 
advantages in the analysis of behavior, only one laboratory animal, 
the albino rat, has been exhaustively studied. 

The only limitations of research in animal psychology are the limita- 
tions of the abilities of the subhuman subjects themselves. They 
speak with difficulty, think with error, and are motivated by an even 
less than human type of altruism. These limitations, however, are 
not limitations of method, and in so far as the psychologist is interested 
in training in precise methods and experimental designs the field of 
animal behavior offers many and unusual advantages. 
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Motivation, Feeling, and Emotion 

Paul Thomas Young^ 


The aini of ihh cliai')l(‘r is to sliow irhaf one floes and hoir one does 
it in eoriducting an ex})f‘riuienL upon the psyeliological processes of 
motivation, feeling, and emotion. To accomplish this aim we have 
sfdeeted for study a number of specific experiments. 

The unity of the chapter cannot be found in the methods, for they 
are diverse in nature. Unity lies in the fact that all these methods 
are dircnded toward the solution of a group of interrelated psychological 
problems. To understand the methods, one must know something 
about the problems. To understand the problems, one must know 
sonudhing about the methods employed in their solution. Problems 
and methods are everywhere interrelated. 

For convenience the illustrative methods have been grouped under 
three main headings: (1) methods employed in the analysis of human 
motivation; (2) methods for the study of feeling and evaluation; (3) 
methods for investigating bodily changes of emotion. The methods 
of studying animal drives have been considered in Chapter 12. 


METHODS EMPLOYED IN THE ANALYSIS OF HUMAN 
MOTIVATION 

Motivation is the process of ai*ousing behavior, of sustaining the 
activity in progress, or of changing the pattern of contemporary 
behavior. Some psychologists have limited the concept of motiva- 
tifui to purposive, -or goahdirected, behavior alone, but in the broad 
iiu‘aning of the term all behavior, whether purposive or random, is 
motivated. This means that all behavior is causally determined 
through energy transformations within the body. 

A distinction is sometimes drawn between motives and incentives. 

^ Professor of Psychology, University of Illinois, 
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Motives are internal determinants of behavior and include (jrg;aiiic 
states of hunger, thirst, fatigue, bladder tension, and sexual terisiuiu 
as well as determining sets or intentions to act in some specific mamiei*. 
Incentives are of two main kinds: goal objects, such as food or mate, 
and the various spurs and checks to behavior. A word of praise, a 
gold star placed after one’s name, a recognition of merit, the presence 
of a rival— these are incentives to action. The distinction will be 
illustrated in the methods described below. 


The Method of Equivalent Groups in the Study of Incentives 

In most experimental work a major requirement is to keep conditions 
constant except for one factor, which is systematically varied. In 
studies of incentives it is customary to start with several groups of 
subjects which have been equated in initial ability, tlie amount of 
previous practice, and other factors which may affect the quality of 
performance. One of these groups serves as a control, and its members 
carry out the imposed task under standard conditions of motivation. 



Fig. 1. Gaiton bar for studying mcentives In relation to visual space dis- 
crimination. 

By rotating the rod clockwise or counterclockwise, the subject con move the shield at the right of the 
hair line until the visible extent at the right appears equatto that on the left or, as in the present ex- 
periment, twice that on the left. 

The other groups carry out the same imposed task with flific'rcut 
incentives and so euinpose what are called experimental groups. To 
illustrate the method of eciuivalent groups an cxiierimcnt by Ifamiiton 
1 13 1 will be cited. 

The problem of Hamilton’s study was to compare the relative 
effectiveness of different incentives: punishment, reward, punishment 
combined with active guessing, punishment combined with passi\'e 
information, knowledge of results. 
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The apparatus employed was a modified form of the Galton bar, 
Fig. 1. This instrument, invented by Francis Galton, has been exten- 
sively used in experiments upon visual space perception. It consists 
of a bar of pure white divided in the middle by a hair line. To the 
right and left of the hair line are adjustable shields. One of these 
shields is fixed by the experimenter in a standard position. The 
subject can move the other by rotating a light rod clockwise or 
counterclockwise. 

In llie cxpc’riment under consideration a standard visual extent to 
the left of tlie hair line was employed. In an actual trial the shield 
at tiic right was placed at the hair line, and the subject moved it in 
an outward direction until he was satisfied that the variable extent 
was twice the standard. After completing the adjustment he pressed 
a button to signal that the task had been completed. 

On the reverse side of the bar (not showm in the illustration) were 
adjustable electric contacts. These contacts could be so adjusted that 
a bell would ring when the subject's setting of the apparatus was 
wdthin a certain range of error or when his setting w'as greater than a 
specified range of error. 

On the first day of the experiment sixty subjects made a series of 
settings of the Galton bar. For each subject the average deviation 
from the objectively correct setting wms computed. On the basis of 
the average errors Hamilton formed six groups (ten subjects in each) 
of approximately equal ability. 

On following days all the .subjects continued their wmrk with 
the Galton l)ar but under different conditions of motivation. 

1. A control group received no special incentive. The subjects in 
this group were; instructed, as on the first day, to set the instrument 
so that the variable extent appeared to be twice as long as the standard. 

2. The subjects in & 'punishment group were told that a bell would 
ring ujmn pressing the button if tlie adjustment of the apparatus was 
wn)ng. 

3. The subjects in a reward group were told that a bell would ring 
ipion pressing the button if the adjustment of the apparatus w^as right. 

4. The subjects in a guesH-with-punishnient group were given the 
same instructions as those in the punishment group, but in addition 
they were required to guess the direction of their errors, i.e., wdrether a 
given setting was too short or too long. They were not told, however, 
whether they had guessed correctly or incorrectly. 

5. The subjects in a told-with-punishment group w-ere given the 
same instructions as those in the punishment group, but in addition 
every subject w-as consistently told the direction of his error. 

6. The subjects in a knowledge poup were told by the experimenter, 
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in a matter-of-faet voice, whether each setting was right or wrong. 
If wrong, they were told whether the setting was too short or too long. 

I No bell was nsed. 

I In defining a right and a wrong adjustment of the apparatus the 

average error was employed. Since an average error was computed 
for each subject separately, individual differences in the acuity of 
perception did not matter. For each subject right and wrong settings 
w^ere about equally probable. Moreover, as the experiment progressed, 
the subjects improved in accuracy. To counteract the effect of prac- 
tice a new average error was computed at the close of each series. 
Thus throughout the experiment right and wrong settings occurred 
with about the same frequency. 

In comparing the performance of the groups Hamilton nsed the 
average errors on the first day as a basis. For each groiq) he computed 
the percentage of gain or loss through practice. The following figiir(.‘s 
summarize the findings : 

Pl=]RnENTAGR OF 
Initiai. Ekhoe 
127 
24- 
26 
15 
20 
45 

As will be seen from the figures, the control group deteriorated; in 
the absence of any special incentive their final score wnis 127 per 
cent of the initial score. 

Punishment and reward were not significantly different as incentives. 
In this experiment punishment and reward had the same piiysical char- 
acteristics, since ringing of tlie same bell served for both. The 
difference between reward and punishment was in tiie attitude of the 
subject. In the punishment group the subjects tried to prevent the 
ringing of the bell; when it rang, they showed disappointment, made 
a wry face, or occasionally swore at tlm bell In the reward group the 
subjects tried to make the bell ring; when it rang, some of tliem showecl 
satisfaction; they said, “What a relief,*' or “That’s better.’* 

From the standpoint of objective gain through practice the guess- 
with-pimishment and the told-with-punishment grou])s were the best 
of all. Guessing requires an active attitude tow^ard the task wliieh is 
highly effective when combined with punishment for errors. 

The subjects with knowledge of results made a marked gain through 
practice in a comparison with the control group, but knowledge alone 
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was not as effective as the motivations which contained a factor of 

reward or pimisliment. 

Among' t]u‘ general conclusions Hamilton makes the arresting state- 
iiieni, that. th(‘ special incentives yielded a greater accuracy of spatial 
disci'iininatioii tliarr heretofore obtained in the well-known laboratory 
(‘Xpei'iinenl upon visual extent, dlie conclusion is irnportaiit because 
it sliows that in psychological experiments generally the experimenter 
must control the motivation of the subject. Other experiments might 
be cited to show that reaction time, the strength of pull on a dynamo- 
meter, the score in an intelligence test, the amount of type set per 
hour, and other measured variables of performance depend upon the 
subject’s motivation. 


Approaches to the Analysis of Determining Set 

The concept of a determining set arises in almost every field of 
experimental psychology. It is important in studies of reaction, 
learning and recall, perceiving, thinking, and other processes. In 
laboratory situations the task (Aujgabe) given to a subject by the 
instruction produces a set (Einstellung) which is a highly significant 
determinant of performance. 

Even if tlie subject has forgotten the instruction, there is a determin- 
ing tendency {determinierende Tendenz) which acts as a selective and 
patterning agent. For example, if the subject lias been instructed to 
add, the numbers 6 and 4 evoke the responses 10. If he has been 
instructed to subtract, these same numbers elicit the response 2. 

Gibson [11] has pointed out that in contemporary psychology the 
term set has several different meanings. Some of these are illustrated 
below. 

Two examples of experimental method in the analysis of determining 
set have been selected: first, the conditioned-response method com- 
bined with control of instructions; second, the method of controlling 
the subject’s set by presenting spatial patterns, point by point, and 
requiring the subject to reproduce the patterns immediately. 

The first illustration is taken from the work of Hilgard and his 
collaborators [14, 15]. They systematically varied the instructions 
to the subjects in an experiment dealing with conditioned discrimina- 
tion. Their work is important in that it demonstrates a difference 
between two kinds of set— expectancy and intention—in the acquisition 
of a conditioned discrimination. 

In the investigation the eyelid reflex was used as the unconditioned 
response. A puff of air delivered to the cornea of the left eye produced 
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reflex closure of the lid. This reflex was conditioned to the illumination 
of a small window in front of the subject. 

There werta in fa,ct, two small windows, each 10 ctmiiimata-s sqiiare, 
at a dis(a,nct‘ of 40 (‘eiiti meters in front of the eyes. Illuininatioii of 
the window' at, the left was tlie positive st,imn]as; tJie illiiinioation was 
invariably followed, after an interval of 0.6 second, by a puff of air 
to the left eye. Illumination of the window at the right w-as the 
negative stimulus; this illumination was never followed by an air puff. 

On the first day of the experiment only positive stimuli were pre- 
sented. On the second and third days both positive and negative 
stimuli were employed with equal frequency in a haphazard order. 

Sixty subjects participated in the investigation. These were divided 
into five groups of twelve each. Only three of the groups are here 
considered, and only the results for the first 2 days. 

On the first day each subject was given sixty paired presentations 
of light followed by air puff. The presentations w^ere spaced at 
approximately 30 seconds, and there was a 2-minute rest period 
between successive groups of twelve presentations. No special instruc- 
tions were presented. In this respect the work was similar to animal 
experiments upon the conditioned reflex. 

On the second and third days the groups were treated differently. 
The subjects in Group A served as a control. They were given no 
special instruction and no information; they were treated in the same 
manner throughout the experiment. The subjects in Group B had 
knowledge of conditions. They were told that the illumination of the 
window at the left would be followed by a puff of air on the cornea 
of the left eye and that the illumination of the window at the right 
would not be followed by an air puff. In Group C the subjects also 
had knowledge of conditions, but in addition they were instructed 
to react as promptly as possible to the positive stimulus and to refrain 
from reacting to the negative stimulus. The subjects in this group 
had knowledge plus an intention to behave in a specific manner. 

Some of the results of the experiment are presented graphically in 
Fig. 2. The three curves on the left show that for all subjects the 
frequency of CR increased with practice on the first day. The three 
curves on the right are of special interest in that they show differences 
dependent upon the instruction of the subject. 

The subjects of Group A, without special instruction, responded at 
first to the negative stimulus. In other words, the CR was generalized. 
With repetition of positive and negative stimuli, however, a condi- 
tioned discrimination was built up. 

Group B, with knowledge of stimulus conditions, differed from Group 
A at the start. At the close of the; day, however, Groups A and B were 
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Each point on the curves represents the percentage of conditioned eyelid responses aroused by if- 
lumination of a small window. Each percentage is based upon the responses for a group of 10 
subiects with 12 trials per subject. Successive trials are represented on the base line from left to 
■right. 

The three graphs at the left show the gradual increase in the frequency of CR with practice. The 
three graphs at the right show changes in the frequency of CR on the second day of the experiment. 
Conditioned responses to a positive stimulus are shown by a solid line and those to a negative stimulus 
by a broken line. 

The differences in instruction among the three groups of subjects are described in the text (After 
Hilgard and collaborators [14].) 
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similar. We assume that the information given to Group B built 
up in these subjects an expectancy which gave them an initial advan- 
tage over Group A. With repetition Group A in some manner learned 
to discriminate between positive and negative stimuli, and so in the 
end the two groups were not unlike. 

Group C, with knowledge plus an intention, made a marked dis- 
crimination between positive and negative stimuli at the start. With 
practice the frequency of discrimination increased. It is assumed 
that the set to react to the positive stimulus and not to the negative 
stimulus is an important factor underlying the results. 

A comparison of the results for Groups B and C supports a dis- 
tinction between determining set in the sense of expectancy and 
determining set in the sense of intention. 

Incidentally, all eyelid reactions were recorded with the Dodge 
pendulum-photochronograph (see page 616). The photographic 
records showed the magnitude of the response as well as the latency 
of both conditioned and unconditioned reactions. 

The second illustration presents a very different experimental 
method for the study of determining set. In the investigations of 
Compton and Young [8] and Thomas and Young [33] the general 
plan was to control determining set directly by presenting spatial 
patterns, point after point, and instructing the subject to reproduce 
these patterns immediately. In the vicinity of the subject lights were 
flashed, buzzers sounded, contacts made with the skin. After a series 
of such point stimulations the subject attempted to indicate the 
positions and sequence of the stimulations. 

Under the general instruction the successive stimulations from 
different points in space built up a determining set. The subject acted 
immediately upon the basis of his set, reproducing or attempting to 
reproduce the pattern. The investigation as a whole was concerned 
with the relation between set and the sensory mode of presenting 
patterns and the motor mode of reproducing them. To what extent 
do central and peripheral processes enter into the bodily mechanism 
of determining set? 

In the first experiment patterns were presented to the eye, the ear, 
and the skin, singly and in combination. Each pattern consisted of 
six point stimulations given successively from five positions. The 
subject was instructed to reproduce the patterns immediately by press- 
ing keys which corresponded in position to the sources of stimulation. 
The plan of the experiment will be made clear by reference to Fig. 3. 

Patterns were presented visually by the successive flashing of lights 
located at the points marked A, B, C, D, E, In other trials the same 
patterns were presented to the ear by successive sounding of electric 
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buzzers located at Q, R, S, T, U. The buzzers were separated so 
widely that there was no error of sound localization. The same 
patterns were also presented to the sense of touch by a series of sharp 
contacts. The subject was instructed to rest his forearms on the felt 
pad upon the table. There were five holes through this pad at points 



Fig. 3. Apparatus for presenting spatial patterns, point by point, to the 
different senses. (After Compton and Young [8].) 


designated I, J, K, L, M. Through each hole a sharp point (actuated 
by a silent electromagnet) made contact with the skin. The same 
patterns, moreover, were presented in mixed modes: to the eyes and 
ears alternately, to the eyes and skin alternately, to the ears and skin 
alternately, and to all three senses in rotation (eye-ear-skin). 

The subject reproduced or attempted to reproduce all patterns 
immediately after their presentation by pressing five signal keys 
located at 1, 2, 3, 4, 5. From the point of view of the subject the 
signal keys had the same angular separation as the lights, the buzzers, 
and the contact points. 

Before considering results let us turn to the second experiment. In 
the first experiment there were seven modes of presenting spatial 
patterns and only one mode of reproducing them. In the second 
e.xperiment there was only one mode of presenting patterns. All pat- 
terns were presented to the eye by the successive flashing of six lights 
located at 1, 2, 3, 4, 5, 6 (Fig. 4). There were, however, seven modes 
of reproducing the patterns through three motor systems employed 
•singly and in combination. 

On a given trial, for example, the subject was iustimcteil to repro- 
duce a iiatteni by hand. Throughout the trial the word hand was 
exposed at point A^, Fig. 4, to indicate that the hand alone was to be 
used in rciU'oducing the pattern. With this instruction the subject 
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Fig. 4. Apparatus to control the motor mode of reproduction of patterns 
presented visually, point by point. (After Thomas and Young [33].) 


Ay By Cy Dy Ey F, There were, moreover, mixed modes of reproduction 
in wdiicli the subject used alternately the hands and head, hands and 
feet, head and feet, or all three motor systems in rotation (head- 
hand-foot) . 
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In both experiments a buzzer served as a foresignal, commencing 
2 seconds before the first stimulation. The point stimulations followed 
each other without pause, each lasting for 0.7 second. 

In both experiments the patterns were controlled by a telephone 
switch l)oa,rd remote from the subject. On this switchboard the flash- 
ing of lights indicated to the experimenter that a pattern had been 
eorreetly reproduced or that there were omissions or transpositions in 
the attempt of the subject to reproduce a given pattern. 

Some of the more general results of these two experiments are as 
follows: A correlational analysis of the scores for correct reproduction 
of patterns sliowed that the relative difficulty of reproducing different 
patterns depends to a high degree upon the space-time relationships 
of the point stimulations. If a pattern is difficult when presented to 
the eye, the same pattern is difficult wdien presented to the ear or to 
the skin. If a pattern is difficult when reproduced manually, the same 
pattern is difficult when reproduced wdth the pedals or with the 
head keys. In other ^¥ords, difficulty lies in the sequence of point 
stimulations. 

It was also found that, if a subject makes a relatively high score in 
reproducing visual patterns, he tends to make a relatively high score 
in reproducing auditory or tactual patterns. If he makes a relatively 
high score; wliem rc‘produeing patterns with his hands, he tends to make 
a relatively high score when reproducing them with his feet or his 
head. In other words, there is a factor of central ability in accepting 
a set and acting immediately upon it. 

There is, however, good evidence for the importance of peripheral 
factors in determining set. In general, the single modes of presenta- 
tion (one sense) and reproduction (one motor system) give higher 
n‘production scoi’es than the mixed modes (two or three senses or two 
or three motor systems). Also there are differences among the senses 
and tlH‘ motor systems which may depend upon familiarity or some 
other condition. 

The investigation as a wht)le demonstrates that both ccuffi’al and 
])eripheral processes enter into the bodily meclianisms involved in 
accepting a determining set and acting immediately upt)n it. 


The Technique of Goal-setting in Experiments upon the Level of 
Aspiration 

The experiences of success and failure are relative to some norm. If 
a high jumper places the cross-bar at 1 foot, he will not experience 
success, because the jumi) is too easy. If he places the bar at 8 feet, 

858 


he will not experience failure, because for him the jump is impossible. 
If he places the bar at 5 feet, he can sometimes clear it but more 
commonly he misses. The experiences of success and failure are 
clearly relative to the goal which has been set. If a performance is 
better than the goal which has been set, the individual experiences 
success; if poorer, he experiences failure. The experiences of suc- 
cess and failure are also relative to the performance of a group, 
success being a relatively good performance and failure a relatively 
poor one. 

In their early experiments upon the setting of goals Lewin and 
his students were concerned largely with the experiences of success 
and failure. More recent work in America has led to objective 
formulations. 

In experiments upon the level of aspiration (translation of the 
German Anspruchsniveau) the subject is required to make a public 
declaration of what he aims to achieve. A second rec|uirement is that 
the information be put in quantitative terms. A variety of experi- 
mental tasks which meet these requirements has been used: throwing 
darts at a target, running a maze of given complexity, sorting cards, 
writing letters in code, adding. 

The level of aspiration can thus be expressed in terms of a unidiinen- 
sional quantitative scale of difficulty. The actual level of performance 
is measured on the same scale. The difference between the level of 
aspiration and the level of performance is known as the difference 
score. 

In addition to the difference score other measurements have been 
employed in experiments upon the level of aspiration. The height, 
expressed directly in units of the scale of achievement, is a useful 
measure in comparing individuals and in studying the successive goals 
set by an individual. The rigidity of an individual (or conversely his 
^nobility) is a measure of the frequency of changes in the level of 
aspiration or the total magnitude of such changes. The responsiveness 
of a subject is measured by the number of times he lowers his goal if 
the preceding performance was poor and the number of times he raises 
his goal if the preceding performance was good. 

In a critical review of methodology in experiments upon the level 
of aspiration, Rotter [29] pointed out that there is ambiguity in the 
instruction : What score wdll you get next time? Some subjects respond 
to this question in terms of a hope or wish. Others respond to it by 
indicating an objective judgment or expectation based upon experi- 
ence. Still others respond in terms of a compromise between wish 
and objective judgment. 

If it rrere possible to remove this ambiguity, two forms of goal 
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setting would remain: first, a wishful, autistic expression based upon 
a desire to appear well in public; second, an objective, realistic judg- 
ment of future performance based upon previous experience. Some 
psychologists have thought that the existence of this ambiguity makes 
the technique of goal-setting useful in studies of personality. Some 
persons are realistic in the setting of goals; others resort to wishful 
thinking. Experiments upon the level of aspiration throw light upon 
this difference in personality. 

From the point of view of methodology, the essential feature in 
experiments upon the level of aspiration is the requirement that the 
subject set for himself a quantitative goal in a social situation. He is 
required to exhibit his skill or lack of skill. He risks failure and 
occasionally wins success. In some studies the experimenter re- 
sorts to some justifiable trickery in order to make the subject 
succeed or fail. Inevitably the setting of a goal involves the atti- 
tudes of self-evaluation and the question: How good am I in this 
kind of thing? 

Because the attitudes of self-evaluation are involved, the experi- 
ments on goal-setting are theoretically and practically important. For 
further details and bibliography the student is referred to the review^s 
by Frank [10] and Lcwin et al, [22], 


METHODS FOR THE STUDY OF FEELING AND EVALUATION 

The experimental methods considered in the foregoing division 
of tliis chapter have been employed in the analysis of human mo- 
tivation. The group of methods next to be examined are directed 
toward the study of related psychological processes: feeling and 
evaluation. 

Evaluation is a process of judgment which depends upon attitudes 
and motives (wishes) as well as upon habits. To explain human 
conduct we must know about the likes and dislikes, the wishes, and 
the habits of individuals. In the development of attitudes, motives, 
and habits the affective processes play a dominant role, and for this 
reason they must be considered in any psychological discussion of 
human motivation. 

Broadly considered, the affective processes include emotions, moods, 
sentiments, and interests, as well as the simple feelings characterized 
as i)leasaut and unpleasant. More narrowly, the affective processes 
are pleasantness and unpleasantness themselves. The latter are 
conscious experiences which can be reported and studied from the 
subjective point of view. 
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The Introspective Description of Felt Experience 


Feeling is a conscious experience, and to study it one must employ 
the introspective method. This method will be iriustrated by reference 
to an investigation by Nafe [27]. 

Before tlie work of Nafe it was commonly assumed that pleasantness 
and unpleasantness are non-sensory processes. They differ in quality, 
in intensity, and in temporal course, but they lack attensity (attentive 
clearness) . If one attempts to attend to a feeling of pleasantness or 
unpleasantness, he finds only sensory processes, especially organic and 
kinesthetic patterns. These patterns are attentively clear, but they 
are sensory in nature, not affective. 

Nafe argued that earlier experimenters upon affective experience 
had been too much concerned with arousing feeling. They liad made 
feelers of their subjects, rather than observers of feeling. To correct 
this state of affairs, feelings of only moderate intensity were aroused. |; 

The subjects W’ere given a variety of stimulus objects in the visual, | 

auditory, olfactory, gustatory, and tactual fields and were trained to 
observe feeling. Nafe started from the assumption that pleasantness ; 

(P) and unpleasantness ([/) are palpable experiences, i.e., that these , 

experiences in some way or other are observable and reportable. | 

In an actual experiment Nafe presented a stimulus object intended 
to arouse a moderately pleasant or a moderately unpleasant sensory 
experience. He instructed his subjects to attend as exclusively as 
possible to the affective side of experience and to describe the feeling I 

itself as accurately as possible. . I 

At first the observers had some difficulty in carrying out the iuvstruc- | 

tion, but as the experiment continued they came increasingly to describe | 

P as a bright pressure or pressure-like experience and [/ as a dull j 

pressure or pressure-like experience. These affective pressures were s 

described as varying in intensity, duration, and voluminousness. They J 

were not precisely localized; usually they were not localized at all. ^ 

Sometimes they were vaguely localized in some region of the body, and I 

occasionally they wmre projected out from the body. , 

In a further experiment upon affective experience, however, j 

Hoisington [16] reported some observations upon the localization '■ 

of P and U. The dull pressures of U were localized in the general ■ 

region of the abdomen, well inside the body. The bright pressures I 

of P were localized in the upper part of the body in the region of the i 

shoulders and neck. The pressures of P were described as bright, J 

light, expansive feelings in the chest; the pressures of U as dull, I 

contracted feelings in the abdomen. | 

The interpretation of Nafe^s result is a different problem. One \ 
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may ask: Are these bright and dull pressures true sensory processes? 
If so, what and where are the receptors? Or are the pressure-like 
experiences merely the sensory concomitants of non-sensory affective 
processes? Further research will answer these questions. 


The Direct Report of Affective Reaction 

In a good many psychological experiments the subject is instructed 
to indicate wdiether he likes or dislikes some object or activity. There 
is no attempt at descriptive analysis, as in the foregoing investigation. 



Fig. 5. Decrease in the pdatability of cod-liver oil with increasing age 

of individual. 

The curves are based upon a group of 328 Baltimore school children, age 5 to 14. The percentage 
of individuals liking the taste of cod-liver oil is shown by the vertical scale. (After Richter [28].) 

The verbal report of the subject is commonly supplemented by obser- 
vations of gross behavior. This method will be illustrated by refer- 
ence to a study by Richter. 
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Richter [28] tested over a thousand children, ages five to fourteen, 
by letting each child taste a small spoonful of unadulterated cod-liver 
oil and asking him whether he liked or disliked it. The response of 
each child, verbal and non-verbal, was observed and recorded. 

The results were changed into percentages of individuals liking cod- 
liver oil at each age level. These results are summarized graphically 
in Fig. 5, -which shows the results for 328 children tested in one school 
near the Johns Hopkins Hospital. 

In the 5-year group 100 per cent of the girls and 92 per cent of the 
boys liked the cod-liver oil. Progressively with increasing age, more 
and more children manifested a dislike for the substance. In the 
14-year group only 36 per cent of the girls and 28 per cent of the boys 
liked it. Incidentally, Richter comments that some children at 14 
years had an almost insatiable appetite for cod-liver oil. When 
allowed to satisfy their craving, they took as much as 16 tablespoonsful 
in 1 day and continued to take high amounts for 5 to 10 days. After 
this they took small amounts and finally stated that they no longer 
liked it. See also Chapter 10, pages 276-279. 

The psychological procedure in an experiment of this kind is rela- 
tively simple. No special training is required of the subject. It is 
necessary to determine through the words of the subject and by observ- 
ing his gross behavior whether the affective reaction is one of accept- 
ance or rejection, liking or disliking, yes or no. 

Objective Observation in Affective Psychology 

When the problems of affective psychology are approached with a 
strictly objective point of view, they are found to center around the 
processes of acceptance and rejection and especially around preferen- 
tial discrimination. The objective approach to affective psychology 
is illustrated by the studies of Young [38] upon food preferences of 
the rat. 

On a given trial the animal is offered a choice between two kinds of 
food presented simultaneously. As soon as he accepts one of the pair, 
both are removed from his reach. The foods are presented side by 
side, and their relative positions are interchanged from trial to trial 
so that, if a rat forms the habit of accepting the food in a given 
position, this fact can be readily detected. If he develops a prefer- 
ence between the foods, this is clearly apparent in a series of trials. 

The foods are placed in glass food tubes, which are shown at F in 
Fig. 6. At the start of a test the rat is locked into a box (B). When 
a sliding door (D) is raised, the animal is permitted to enter the com- 
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partment containing the foods. The iinpracticed animal explores the 
apparatus and discovers the foods in the process. The trained animal 
runs directly from the box to the foods and takes a bite oi sip of one 
of them. His behavior is observed by the experi- 
menter through a window (W ) . 

After the rat has made a choice or nibbled one 
of the foods, both are lowered, and the opening in 
the floor is closed. The experimenter then waits 
until the rat returns to the box and the sliding door 
is closed. The time required for a rat to return 
to the box varies with the amount of training he 
has had and with the relative palatability of the 
foods. 

The photograph in Fig. 7 gives further details of 
the technique. The food tubes (F) are held in a 
turntable (T), which can be rotated 180 degrees, 
clockwise or counterclockwise, by pulling upon 
strings (S). The foods can be raised or lowered 
Bg. 6. Ground by an elevator (£"), so balanced that it remains 
plan of apparatus indefinitely in the upper or lower position. The 
for testing food door to the box is attached to a lever arm (A), 
preferences. which the experimenter can control by means of 
a cord (C). Throughout a test a signal lamp 
(L) flashes once a minute. (In more recent work a buzzer, sounding 
once a minute, has been substituted for the lamp as a means of time 
control.) The observation window is seen at W, 

A single trial reveals no preference, for behavior may be determined 
by spatial factors without true preferential discrimination. It requires 
at least two successive trials, with the relative positions of the foods 
interchanged, to indicate any preference. A pair of successive runs 
is thus the true unit of the test. In recent work ten pairs (twenty 
runs) have been arbitrarily used as a complete test of preference. 

Among various results which have been obtained with the method 
of preference, several are as follows: (1) The foods in a group, when 
tested in all possible pairs, arrange themselves in a transitive scries 
from high to low palatability. (2) When dietary conditions arc held 
constant, the rats of a group show remarkable uniformity and stability 
in the food preferences they reveal (3) A given food preference can 
Ih' rtUTrsed by j)ennittmg a rat to approach satiation upon the pre- 
fc‘n-ed food Ixdorc a test ami by then running repeated tests of ])refer- 
ence. (4) Food preferences depend upon the diet. By permanently 
adding an element to the diet, the relative palatability of this dietary 
component can be permanently lowered. (5) Rats tend to form 
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dietary habits. Not only do they learn to run back and forth on the 
apparatus to obtain nibbles of food (shuttle habit), but also they somc- 


Fig. 7. Experimenter’s view of the apparatus for testing food preferences. 

See explanation in the text. 

times learn to accept the food in a given position (position habit) and 
sometimes the food of a given quality (food habit). (6) Preferential 
food habits tend to form in agreement with bodily needs. Once a food 
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habit has been formed, however, it may persist as an independent 
factor ill behavior regardless of whether it meets a bodily need. 


A Comment upon the Basis of Affective Judgment, 

Carr [6] has proposed a theory that reports of pleasantness and 
unpleasantness are actually judgments based not upon any unique and 
characteristic conscious content but rather upon our normal reactions 
to the stimulating situation. We are so organized, he points out, that 
we normally react to enhance, maintain, or repeat certain situations 
and to minimize or avoid others. A situation which normally arouses 
the positive kind of response is judged to be pleasant, and one which 
normally arouses the negative response is judged to be unpleasant. 
Carr adds that motivating factors complicate the problem. For con- 
siderations of health we swallow disagreeable medicine, stop smoking, 
or refrain from foods which w^e enjoy. Even though we swallow the 
medicine, we still judge it to be unpleasant because, if freed from 
considerations of health, we would reject it. 

From the point of view of methodology, it is important to indicate 
that there is a difference between a judgment and the psychological 
processes upon which that judgment is based. Carr states that 
affective judgments are based upon the normal reactions of acceptance 
and rejection. He adds, however, that other factors than the normal 
reaction may determine the actual acceptance or rejection. 

From the subjective point of view the affective judgment “X is 
pleasant” is not equivalent to the direct psychological report, “Pleas- 
antness was felt.” For example, the common statement, “This is a 
pleasant day” conveys a deffnite meaning, but it does not necessarily 
indicate the existence of pleasant feeling at the time the statement was 
made. As a matter of fact, a person may say, “This is a pleasant 
day,” even though in a grouchy mood of unpleasant depression at the 
time of the judgment. The present writer has repeatedly found that 
subjects can describe the quality and intensity of their felt experience. 
They can trace out its temporal course— the beginning, the waxing and 
waning, the qualitative shifts, the ending. This is psychological report 
of existential experience, however, and not affective judgment. 

The affective judgment, whether in the form “X is pleasant” or “X 
is more pleasant than is ambiguous. It tells nothing directly 
about the affective processes within the subject. 

This comment is made to point out that, if an experimenter accepts 
an affective judgment at face value, he is still ignorant of the psycho- 
logical basis of that judgment. The experimenter must ask: Upon 

me 


what is the affective judgment based? He must distinguish between 
the cognitive process of judging and the affective process of feeling. 


Methods of Impression and Expression 

It has been traditional in affective psychology to classify the avail- 
able methods as those of impression and those of expression. This 
classification implies that the study of consciousness is the central 
problem of psychology. The methods of impression are concerned 
with the relation between stimulus object and the conscious feeling it 
arouses. The methods of expression are concerned with the relation 
between conscious feeling and its bodily manifestations. 

Historically considered, the methods of impression stem from the 
pioneer work of Fechner upon experimental esthetics. Of the several 
methods described by Fechner, the one which he designated as the 
method of choice has been developed into several contemporary forms. 
The forms differ in the number of stimulus objects presented simul- 
taneously for affective judgment. 

In the order-oj-merit method ise subject is presented simultaneously 
with a series of stimulus objects. (See Chapter 5.) These may be 
colored papers, spatial forms, works of art, photographic proofs, or 
other kinds of material. The subject is instructed to arrange the 
materials in order from the most to the least agreeable. The statistical 
analysis of results starts with the obtained orders of merit. 

In the method of paired comparison the mbjeci is presented with 
two stimulus objects at a time and is instructed to indicate which 
he prefers. A series of paired presentations is so planned that in the 
total series the subject compares each stimulus object with every 
other one. A record is kept of the choice. From the series of choices 
it is easy to determine the rank order of the stimulus objects in the 
group. See Chapter 5. 

The method of paired comparison has also been used with the 
successive presentations of materials such as tones, musical chords, 
melodies, rhythms. With successive presentations both time orders 
are used to balance out a possible time error, just as both spatial 
arrangements are employed with simultaneous presentations to balance 
out possible space errors. 

The number of comparisons with a single spatial arrangement or 
a single time order is equal to N {N — 1) /2. If N (the number of 
stimulus objects) is relatively large, the method is not feasible because 
of the large number of required judgments. 

In the method of single exposure the subject is presented -with only 
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one stimulus object at a time. This stimulus object is then judged or 
rated by means of a verbal scale of values, a graphic rating scale, or 
in some other manner. For example, the subject is given two whifis 
of a perfume and asked to rate it in terms of the following scale: 

+3 Very pleasant 
4-2 Moderately lUeasant 
4-1 Weakly pleasant 
0 Indifferent 

— 1 Weakly unpleasant 
—2 Moderately unpleasant 

— 3 Very unpleasant 

Instead, he may be given a graphic rating scale consisting of a hori- 
zontal line of fixed length, marked at one end as maxirrially pleasant 
and at the otiier as maximally xinpleasant. He is instructed to indicate 
by a mark upon the line his affective rating of the stimulus object. 

A technique comldming the scale of values and the graphic rating 
scale has been described by Singer and Young [31]. Another modifi- 
cation, designated as the percentage-oj -pleasantness method^ has been 
desenbed by Bcx'be-Center [3]. 

In the pere(‘ntage-of-pleasantness method the subject is instructed 
to respond in terms of three categories: |)leasant (P), indifferent (1), 
unpleasant (17). Re])eated ratings are made of the stimulus objects 
by the same subject or by a group. On the basis of the ratings a per- 
centage of pleasantness is computed by this formula: 

p m / /2 

Percentage of P = - ; _ ' p; X IQQ 
F + I + U 

The formula implies that indifference is statistically equivalent to 
one-half pleasant and one-lialf unpleasant. It might be argued that 
judgments of indifference should be disregarded on the ground that 
they indicate no aff’cctive arousal. We would then be left wdth the two 
affective categories: pleasant and unpleasant. These two affective 
ratings could be handled statistically in a very simple manner, as 
indicated by tlie data of Richter upon liking and disliking cod-liver oil. 

A discussion of tiie statistical procedures employed in the analysis 
of results obtained with the methods of impression is beyond the 
scope of this cliapter. The interested reader is referred to the dis- 
cussion of psychoh^gical scaling methotls by Guilford |12j and to 
Chapter 5 of this book. 

Next let us examine the methods of expression. At the tuiai of the 
century and in the first decade of the present century a good many 
experiments were carried out by the methods of expressiim. Tlie gen- 
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eral aim of these experiments was to study the reiati( 3 n between con- 
scious processes, especially feeling and attention, and peripheral 
bodily changes, such as those in respiration, pulse, blood pressure, and 
glandular secretion. It was hoped to find some physiological sine qua 
non of pleasantness and unpleasantness, but this hope was not realized. 
Significant correlations were obtained, but no bodily process was 
invariably present w^hen the subject reported pleasant or w^hen he 
reported unpleasant. 

The reasons for this failure are a matter of opinion. Several pos- 
sible explanations occur to the writer. First, it is likely that the 
introspections of the subjects were ambiguous. At that time a clear 
distinction w^as not drawn between affective judgment (purely cogni- 
tive statement of meaning) and true affective report of existential 
pleasantness and unpleasantness. Second, the experimental techniques 
were directed exclusively to peripheral changes. In view of the results 
obtained, it seems likely that the physiological sine qua non of felt 
pleasantness and felt unpleasantness lies hidden within the dynamic 
interrelationships of central neural processes. Peripheral manifesta- 
tions do not go to the heart of the problem. Third, it is a historical 
fact that at about this time American psychologists turned toward 
objective methods in psychology. Watson’s behaviorism relegated 
the study of consciousness to the ash can. Since the methods of 
expression imply an interest in conscious feeling, these methods fell 
into disrepute. 

This failure, howmver, does not imply that the problem is closed. 
Some day, with sharper definitions of terms and Avith more adequate 
physiological techniques, the central physiology of pleasantness and 
unpleasantness will be discovered. 

The instruments employed in the study of bodily changes were for 
the most part borrowed from physiology. A partial list, with a few 
modern additions, follows: 

Plethysmogeaph. An instrument for studying changes in the volume of 
the arm, hand, finger, or other part of the body. Volume changes are due 
to constriction or dilation of the blood vessels. 

SPHyGMOGEAPH. An instrument for recording the pulse, showing changes 
in the rate, amplitude, or pattern of the beat. 

Sphycjmomanometer. An instrument for measuring blood pressure. 
Absolute blood pressure can be measured at a given moment. Continuous 
variations in blood pressure can be measured by setting the instrument at a 
pressure level between maximal (systolic) and minunal (diastolic) pressure. 

PNEUMO(auPH. An instrument for metusiiring changes in the rate, depth, 
and patient of respiration. (A pneumograph for registering abdominal 
respiration may be seen in Fig. 9.) 
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Dynamometer. An instrument for measuring the strength of pull of a 
group of muscles. 

Ergograph. An apparatus for recording the work done by a group of 
muscles. An ergograph requires the subject to lift a weight rhythmically 
by arm, 'or leg, muscles. 

Tremograph. An instrument for measuring involimtary muscular tremor 
in the skeletal muscles. In using the tremograph, the subject is instructed 
to hoM steady his finger or a stylus. 

Aittomatograph. An apparatus for recording involuntary movement. 
The subject is required to rest his arm on a suspended board or to place his 
fingers lightly on a glass plate which rests upon steel balls. Involuntary 
movements are recorded graphically or photographically. 

Ataximeter. An instrument for recording body sway. 

Galvanom'etee. An instrument used in studies of the skin galvanic reflex 
for measuring changes in the electrical potential of the body. 

Voice keys and microphones. Instruments employed for recording vocal 
reactions. 

Electroencephalograph. An instrument for recording changes in elec- 
trical brain waves during psychological processes, emotional and non-emo- 
tional. See Chapters 14 and 15. 

These instruments are cominonly employed to investigate bodily 
elianges for tlieir own sake and without reference to conscious experi- 
ence. Soinc^ of the methods used in the objective study of the bodily 
changes of emotion will be described in the next main section of this 
chapter. For further discussion of the classical methods of impression 
and expression see Chapter 2 of Beebe-Center [3]. For a discussion 
of the apparatus and methods used in recording bodily changes see 
Chapters 14 and 15 as well as pages 374-384 of the present chapter. 


Psydhological Tests 

Twy> kinds of psychological tests arc especially pertinent to the 
present topic. First, there arc tests of attitude, interest, and value. 
Second, there arc tests which reveal emotional and motivational traits 
of personality. 

Tests of attitude, interest, and value reveal some specific readiness 
of the individual to react positively or negatively. An attitude has 
been defined as a neural or mental readiness to respond toward or 
against some psychological object. A persistent prejudice against the 
Japanese or a bias favoring the Catholic Church is an attitude. An 
interest is an activity which one carries on, with enjoyment, for its 
own sake, such as playing golf or singing. Activities wdiich are 
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unpleasant are called aversions, A value is that which a person 
regards as worth while. 

Ill testing values, for example, the subject is required to make a 
discrimination between possible alternatives. Let the reader answer 
this hypothetical question: Would it be justifiable to remove all the 
water from Niagara Falls, thus destroying its beauty, to generate 
electric power? If the answer is yes, economic value is placed ahead 
of esthetic. If the answer is no, esthetic value is placed first. There 
is no right or wrong answer. It is a question of what one regards 
as more worth while. 

The Allport- Vernon [2] test of value requires the subject to make 
a series of such discriminations. From the scores a profile is con- 
structed to show the relative balance for that individual among six 
forms of value: theoretical, economic, esthetic, social, political, 
religious. 

The extensive literature upon tests of social attitude has been 
reviewed by Allport [1]. See also Chapter 22 of this volume. 

After a program of testing and factor analysis, Cattell [7] described 
twelve primary factors in personality. Several of these factors are 
described as emotional or motivational traits. The C factor is 
described in these terms: 

realistic, facing life vs. demoralized, autistic 
stable, integrated character vs. changeable, cliaracterless, unrealistic 
calm, self-effacing, patient vs. restless, sthenic, hyponianic 
emotionally mature, adjusting vs. infantile, demanding, self-centered 

The E factor, designated dominance (hypomania) vs. submissive- 
ness, is described in these contrasting terms: 

self-assertive vs. self-submissive 
willful, egoistic, predatory vs. mild, self-effacing, tolerant 
smart, assertive simple-liearted, meek 
tough, solid, talkative vs. introspective, sensitive, scared 
rigid, tyranni{iai, vindictive \’s. adaptable, friendly 

surly, hard vs. good-natured, easy-going 

In the E factor the emphasis is upon self-assertiveness and submissive- 
ness in social situations. Hence this factor has motivational 
implications. 

The Method of Sociometry In the Analysis of Interpersonal Relations 

When the study of the affective processes is carried on in the field 
of social psychology, there arises at once a host of problems relating 
to social attitudes and values, interests, and the social expressions of 
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emotions and motives. Instead of delving into this field of psychology, 
we will here be content with a single illustration of methodology in 
ihe ar(‘a of interp(*rsonal relations. 

Moi'cno 12()1 reciuired the individual to exi)ress attitudes of liking 
or disliking toward lus assoeiates. These attitudes were tested by 
instriieting tlie sul)jeet to choose among his associates at home, at 
work, at school To discover the choices of the persons in a group 
Moreno called them together and made a little speech. For example, 
to the children in a classroom a statement something like this was 
made: 

''You are seated according to directions your teacher has given you. 
You did not choose the neighbor who sits beside you. Now you are 
given an opportunity to choose the boy or girl whom you would like 
to have sit on either side of you. Write down your first choice; then 
your second choice. Look around the room and make up your mind. 
Remember that next term the persons you choose now may sit beside 
yoiL^* 

After the speech 1 minute was allowed for making the choices. 
From the data a sociogram was constructed which revealed the social 
position of each individual in the group. 

Again, in studying a group of girls living in an institution, Moreno 
called together the total population and addressed them about as 
follows: 

"You now live in certain houses with other persons according to 
directions from the administration. The persons who live in the same 
liouse with you were not chosen by you, nor were you chosen by them. 
You are now given the opportunity to choose the persons whom you 
would like to have live with you in the same house. You can choose 
any individuals of this community, whether or not they happen to 
live in your house. Write down your first choice; then your second, 
third, fourth, and fifth choices, in order. Look around and make up 
your mind. Remember that the ones you choose now wfill probably 
be assigned to live with you in the same house.” 

In Moreno’s procedure three points of methodological significance 
sliould be noted. First, every individual is included as a center of 
afiective rcvsponse. Second, the choice of the subject is motivated by 
some wish or ])ractieal consideration. Third, the choice of the sub- 
ject is always relative to some criterion, such as sitting beside or 
living in the same house with. In work with infants other criteria 
were employed, such as observing whether one infant noticed another 
or whether he entered into playful relations with another. 

In studying the development of psychological group structure, 
Moreno placed a group of babies in close proximity and observed their 
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interactions. During the first year of their life they were repeatedly 
placed together in a room within which they had been living from 
birth. In making the observations upon interpersonal relations of 
the infants, Moreno had in mind important questions such as these: 
Do groups develop like individuals? If so, how do they grow? Some 
of the results are presented in the sociograms of Fig. 8. 

View A shows the stage of organic isolation. Nine babies of the 
same age level were placed in the same room in close proximity. This 
was done repeatedly throughout the first year of life. The problem 
was not concerned with the development of patterns of response, such 



(A) Stage of organic isolation. (B) Stage of horizontal differentiation. (C) Stage of vertical 
differentiation. (After Moreno [26].) 


as crying or sucking, but rather with the development of interpersonal 
relations and the formation of a group. During the first 26 weeks no 
group formation could be observed in the infant-to-infant relation- 
ships. Each baby lived in isolation from the others; each was self- 
absorbed. Within the period of isolation, however, the voice of a 
crying baby sometimes aroused the attention of a neighbor. This 
was the beginning of recognition of others. 

View B shows the stage of horizontal differentiation. The socio- 
gram illustrates the true beginning of group development. One baby, 

C, recognizes its neighbor, E, who recognizes it in return. (This 
mutual recognition is represented by a line connecting the two indi- 
viduals, with a short cross-line in the center.) One baby, D, is recog- 
nized by two neighbors, A and B, but does not recognize them in return; 

D, however, recognizes neighbor G. B is attracted to D, C is attracted 
to B; by indirection through 0 baby B is influenced by E. 

At this stage of group development, at 20 to 28 weeks and older, 
physical proximity produces psychological proximity. Infants attend 
to those near by. Moreno calls this horizontal differentiation. 
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View C shows the stage of vertical differentiation. As soon as the 
babies are able to move around freely and to walk, the differences in 
physical strength and mental alertness begin to affect group organiza- 
tion. The group begins to develop a top. From 40 or 42 weeks on, 
one or more infants begin to command a disproportionate share of 
attention. The structure of the group becomes more complex. A and 
B are leaders. C, D, E, F, G, H, J, and K are dependents. N, J, L, 
and M are isolated individuals. 

Just as the higher animals have evolved from the simplest forms of 
life, so the more complex forms of group organization evolve from the 
simple ones. The analysis of dynamic interpersonal and intergroup 
relations lies at the heart of social psychology. As a matter of fact, 
the study of interpersonal (or interbehavioral) relations distinguishes 
social psychology from individual psychology. For this reason 
Aloreno’s methods are important. For further discussion of the 
methods of studying social behavior see Chapters 21 and 22 of this 
book. 

The experimental methods which have been described are very 
different from one another. Some are directed toward the analysis 
of conscious experience. Some are oriented toward the bodily corre- 
lates of conscious experience. Some are aimed toward the analysis of 
behavior — acceptance, rejection, or preferential discrimination. Some 
are pointed toward the solution of social problems — dynamic inter- 
personal relations, social attitudes and values, traits of personality. 
The only thing that ties these methods together into some kind of 
unity is that they all relate, directly or indirectly, to the psychological 
processes of feeling and evaluation. 

We turn now to the next major division of the chapter, dealing 
with emotion. 


METHODS FOR INVESTIGATING BODILY CHANGES OF EMOTION 

An emotion is a natural event. It is something that happens, as 
does a thunderstorm or a sunrise. It is a complex occurrence, so 
complex that it must be analyzed piecemeal and from different points 
of view. 

In the older writings of Wundt, James, Titchener, McDougall, and 
others, an emotion was regarded as a conscious event, and the funda- 
mental problems centered around the relation between the conscious 
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emotion and its bodily expressions. Today psychologists are more 
interested in the objective aspects of emotion. When viewed objec- 
tively, however, the emotion is still exceedingly complex. One must 
distinguish between the situation wdiich arouses an emotion and the 
reaction thereto. The emotional reaction itself has both inner and 
outer aspects. The following example illustrates the different objec- 
tive aspects. 

Cannon [4] has pointed out that during emotional excitement there 
is an increase in the number of red blood corpuscles (erythrocytes per 
cubic millimeter) circulating in the blood stream. This increase can 
be attributed directly to the action of the spleen. The spleen, a 
muscular organ, contracts and expands; it is a reservoir for erythro- 
cytes. It renders the organism the service of quickly increasing and 
later of storing away the red corpuscles in the blood. Contraction of 
the spleen occurs in carbon monoxide poisoning, in hemorrhage, in the 
lessening of the oxygen content of the blood, as during asphyxia and 
muscular exercise, and after injections of adrenalin and pituitrin, as 
well as during emotional excitement. 

Cannon has interpreted this fact. The erytliroeytes carry oxygen 
from lungs to heart, brain, and active muscles. In a biological emer- 
gency w^hich might involve a struggle for one’s life, this reaction of 
increase is serviceable in that it facilitates the release of energy 
within the body. The increase in the number of erythrocytes in the 
blood is a small part of the pattern of bodily changes aroused by an 
external situation. 

If a dog barks at a cat, the cat’s hair bristles, his back arches, he 
spits and growls, his claws protrude, and there are widespread internal 
bodily changes, including the increase of erythrocytes in the blood 
stream. Just what is the emotion? 

Some psychologists and physiologists use the term emotion to desig- 
nate certain reflex patterns of response — the rage pattern, crying, 
laughing, etc. — which are coordinated by neural centers in the region 
of the hypothalamus and below. Others prefer a broader definition: 
An emotion is an acute disturbance of the individual, arising from the 
psychological situation, revealed in conscious experience, in behavior, 
and through marked changes in the vegetative organs. 

The emphasis in this definition upon the psychological situation 
serves to distinguish emotions from organic appetites, which arise from 
internal bodily conditions. In the above example the barking of a 
dog is an environmental event. It arouses internal bodily changes 
which have environmental significance. The bodily changes of emo- 
tion arise from a psychological situation — ^meeting an enemy or a mate 
or being socially ostracized. 
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ing. It Tests upon the fact that the involuntary bodily changes of 
emotion can be observed with the proper apparatus and recorded. 
Whether the involuntary bodily changes of emotion are due to the 
telling of a lie cannot be determined from the record, but only from 
the relation of these bodily changes to the questions asked by the 
examiner and the total situation. Lie detecting is an art, not an exact 
science. 

In scientific investigations of emotion it is often necessary to record 
several kinds of bodily change simultaneously in order to see how they 
are interrelated. To show the simultaneous recording of bodily 
changes in emotion several illustrations will be given. 
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For practical purposes it is usually necessary to record only one or 
two kinds of bodily change in emotion. In lie detecting, for example, 
a contimious i-eeord of respiration or Idood jn'essure or both is sufRcient 
to indicate emotional upset in the prevaricator. Lie detecting, from 
the point of view of experimental psychology, is really emotion detect- 


Fig. 9. Subject adjusted to apparatus for recording simultaneous bodily 

changes in emotion. 

The subject shown in Fig. 9 is a normal individual employed by the U. S. Public Health Service when 
the picture was taken. (Photograph, courtesy of Dr, Ralph R. Brown.) 


Simultaneous Recording of Bodily Changes in Emotion 



Figure 9 shows the subject comfortably seated in an easy chair. A 
pneumograph attached to the abdomen records the cycle of respiration. 
The middle finger of both hands is placed in a tremograph to record 
involuntary muscular changes. A cuff is attached to the left arm of 
the subject for obtaining a continuous record of changes in blood 
pressure. Electrodes in the wrist and palm are for obtaining galvanic 
skin changes. The head of the subject is near a voice key. 


Fig. 10. Darrow’s photopolygraph for recording simultaneous bodily 
changes in emotion. (Photograph, courtesy of Dr. Ralph R. Brown.) 

Figure 10 shows the experimenter’s apparatus, which is located in 
an adjoining room. Through a one-way -vision screen the experi- 
menter can observe the subject seated in the easy chair and can, if 
necessary, communicate with him. Any pertinent observations upon 
the gross behavior of the subject, as well as a record of the experiment 
itself, can be written down on the spot. All bodily changes, whether 
mechanical or electrochemical, arc converted into movements, which 
can be photographically recorded within the, instrument shown in this 
picture. 

Figure 11 is a sample strip of photographic record. In the actual 
trial the word “doi)ey” was visually exposed, and the subject res])onded 
with ^‘junkie.” (Dopey is commonly used to mean one who uses iiar- 
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cotic drugs. Junkie means drug addict. Morphine or heroin is fre- 
quently called junk in the argot of the addict, and one who uses such 
drugs may be called a junkie or junker or old dopey.) The break in 
the voice-response line indicates the moment that the vocal response 
occurred. 

Involuntary hand movements are registered at the top and bottom 
of the record. The curve of respiration is clearly shown. From the 


Voice Reso( 

Right Hand 
Respiration 
Skin Reflex 
Pulse Rate 
Left Hand f 
Stimulus Li 

Fig. 1 !• A sample strip of record obtained from Darrow’s photopolygraph. 
(Photograph, courtesy of Dr. Ralph R. Brown.) 

vertical time lines it is possible to determine the fraction of the total 
respiratory cycle given to inspiration, or the rate of breathing, or to 
study changes in the pattern or depth of respiration. The curve for 
the galvanic skin response crosses the respiratory curve, but both can 
be readily measured and analyzed. Changes in pulse rate and blood 
pressure are clearly recorded. 

At the present time Darrow would probably bring into the picture 
the more modern electroencephalograph. See Chapters 14 and 15. 

Analysis of Patterns of Response, Illustrated by the Startle Response 

Everyone has experienced the general muscular contraction which 
occurs reflexly when there is an unexpected and intense noise, such as 
tlie bang of a gun. The startle response is often followed by the 
emotion of fear, but the reflex itself is typically over before a true 
emotion can arise. 

Landis and Hunt [21] analyzed the startle pattern in both man and 
animals. To ])roduce startle, they fired a gun near the subject. 
Since the gun was of known caliber (0.22 and 0.32 were used), there 
'was at least a rougli standardization of the stimulus. 

To record the response Landis and Hunt made use of high-speed 
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motion-picture cameras. Startle was photographed with cameras 
taking 64 exposures per second. In some parts of their work, cameras 
making as many as 300 to 3000 exposures per second were employed. 
Later the pictures were projected at the usual rate of 16 per second. 

To obtain a photographic record of certain Imdily movements, levers 
were employed. The levers were attached to the back of the trunk 
and to the knees, so that forward movement of these parts was con- 



Fig. 1 2. Schematic representation of the startle pattern, showing front and 
lateral aspects of the response to a revolver shot. (After Landis and Hunt [21 ].) 

verted into vertical movement of the levers. Abdominal contraction 
was recorded by a pneumograph attached to a tambour, which moved 
a lever in the field of the camera. 

From the motion-picture records it was possible to reconstruct the 
spread of the startle response throughout the body. The startle 
response usually comes and goes in less than half a second, although 
the range for the total response varies from 0.3 to 1.5 seconds. Startle 
begins with closing of the eyelids, both eyes reacting simultaneously. 
Next there is a widening of the mouth, as though in a grin, but only 
occasionally does this lead to the baring of the teeth. Then the head 
and neck are brought forward and down, but the chin is tilted up, so 
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that the features are still directed straight ahead. The muscles of 
thc' neck staud out prominently. Then the response sweeps downward. 
TlH‘r(‘ is raising and di'awing lorward oi the slmulders, abduction and 
l>roua{’ion ul' tlie upper arms, flexion of the fingers, forward movenu'ni, 
(»f (he trunk, eoiitraetion of the alalonieti, and Ixanling ol (lit^ knCM\s, 
A sehemat.i(‘ ret)reseiitation u( the startle response is sliown in Fig. 12. 

Olmawations of startle were made with animals at the Bronx 
Zoological Park. Although startle was not observed in reptiles and 
amphibia, the pattern was clearly present in mammals. With animals 
the most notable addition to the human pattern is the flexion of the 
ears. Frequently the ears are laid back close to the skull. Sometimes 
there is a crouching posture with legs braced as if to spring; this 
suggests biological utility of the response in self-defense. With 
monkeys and cliimpansjees the response is more widespread and 
complete than with man. 

The methodological significance of the work of Landis and Hunt 
lies in tlie fact that they have described a technique for the objective 
investigation of at least one pattern of response. The motion-picture 
technique can probably be applied to the analysis of other patterns 
of response which appear as components of emotional behavior, such 
as the rage })attern, the pattern of disgust, crying, smiling, laughing, 
and possibly the sexual patterns. Certain physiological psychologists, 
in fact, have defined an eiliotion as a pattern of response. Although 
this definition is somewhat narrow, all would agree that tlie experi- 
mental study of patterns of response is a task of major importance. 


Surgical Methods in the Investigation of Emotional Behavior 

Although the possibilities of applying surgical methods to the inves- 
tigation of emotion are numerous, only two illustrations are here 
considered: first, the operation of decortication; second, the technique 
of implanting electrodes in the hypothalamus for purposes of direct 
stimulation. 

If the cerebral cortex is surgically removed, the preparation can, 
with care, be kept alive for experimental study and observation. 
Chiller decorticated dogs for experiments upon conditioning, but the 
animals were also used for observation of emotion. Culler prepared 
a m(>ti{)n-picture film showing the machine-like behavior of the decorti- 
cate dog. In a quiescent environment the dog may walk monotonously 
around a circular path. If an obstacle is placed in his path, he simply 
comes to rest. If the skin of such a preparation is rubbed, even 
lightly, liowever, there is a display of vicious rage. The pattern of 
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rage includes baring of the teeth, snapping, and biting. There is also 
snarling or growling, along with diffuse struggling of the entire body. 
The biting of the animal is localized at the point of stimulation and 
is so vicious that the experimenter is in real danger when handling 
the animal. The pattern at the height of its intensity is illustrated in 
Fig. 13, which is the enlargement of a frame in Culler’s film. Inciden- 
tally, this pattern of rage is similar to that of a normal dog, as 
pictured years ago by Darwin. 


Fig. 1 3. Pattern of rage in a decorticate dog. (Printed by Dr. John T. Cowles 
from Professor E. A. Culler's film on behavior of the decorticate dog.) 

Other investigators have performed the operation of decortication 
upon cats. The decorticate cat gives a remarkable exhibition of rage, 
which includes lashing the tail, arching the trunk, protrusion of the 
claws and clawing movements, snarling or growling, sjhtting, turning 
llie head from side to side with attempts to bite, rajhd ])anting with the 
mouth open, movements of the tongue* Along with tli(‘se bodily 
changes are otliers due to excitathm of the sympatiielic nervous system: 
erection of the hairs on the tail and back, sweating at the toe j)ads, 
dilation of the pupils, increased rate of heart beat, increased arterial 
pressure, increased blood sugar, abundant secretion of adrenalin. 
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Fig. 14 (cont’d). Surgical techniques for studying the role of the hypo- 
thalamus in emotion. (After Masserman.) 



The pattern of rage in a decorticate or decerebrate animal has been 
dc'signated shcun-rage on the assumption that, since the cerebral cortex 
has been nin()ved, the animal cannot consciously experience an 
riiiotu)!!. Idieia^ is, however, no way of knowing about the possible 
c()uscinusni‘ss of a de(hrti(aite cat or dog. 

Tlie second illustration of surgical metliods in tlie investigation of 
emotional behavior is taken from the work of Masserman [24, 25] 
upon the role of the hypothalamus: His method has been to implant 
electrodes, so that a given center can be stimulated directly by elec- 
trical or chemical means. Figure 14 illustrates Masserman's method. 

View .4 shows the frame of the Horsley-Clarke apparatus for orient- 
ing and fixing the head of an anesthetized cat. Control bars slide 
into two curved eiirplugs (seen in the foreground) . The upright carrier 
of the apparatus can be moved to direct electrodes stereotactically into 
tin; brain. The electrodes are used to produce electrolytic lesions of 
ner\a:i tracts and nuclei. Further, one or more needle electrodes 
(foregroimd center) may be inserted and held in situ by means of skull 
screws {seen behind the earplugs). The electrodes make it possible 
to stimulate a selected neural center with accuracy after the animal 
has recovered from the operation. 

View B is a close-up of the apparatus in use. The head of an 
anesthetized cat is shown in position. Above is a hypodermic needle 
for pharmacologic stimulation of the hypothalamus. 

View (■ shows the brain of a cat used in an experiment upon the 
difl'erential effects of alcohol upon the hypothalamus and the cerebral 
cortex. The sulci have been outlined on the photograph to show 
clearly the points of insertion of the separate electrodes. 

View D shows a section of the right hemisphere of the brain of a 
cat. The brain has been marked to show the paths (actually less 
than 0.5 millimeter in diameter) of the electrodes through the cortex 
and into the liypothalamus. The fornix is outlined in dots to aid in 
orientation. Tlie exact location of the electrodes and lesions was 
(U'termined for each brain by study of histological sections. 

It is not possible to consider in detail the significance of work such 
as tliat of IMasserman. In general, his research has demonstrated the 
following: (1) The cmotion-like patterns of behavior produced by 
direct stimulation of tlie hypothalamus ended abruptly wdth the 
cessation of the stimulus. (2) Conditioning did not occur wdien 
sensory signals were associated with hypothalamic stimulation as 
frecpiently as 480 times. (3) Animals wdiich recovered from the severe 
metabolic disturbances caused by lesions in the hypothalamus regained 
their normal emotional reactions. 

These and other findings have led Masserman to infer that, although 
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the hypothalamus is undoubtedly a coordinating center for the sympa- 
thetic and motor pathways of emotional expression, it is not the source 
or the seat of affective experience. 


Emotional Expressions and Social Expressions 

When Darwin wrote his great book, The Expression of the Emotions 
in Man and Animal [9], he was concerned in a thoroughly objective 
manner with the outward manifestations of emotion. He did not 
consider what it is, whether conscious feeling or neural process or 
organization of personality, that these outward manifestations express. 
One result of Darwin^s objectivity is that his careful observations are 
valuable today, even though psychology has made great advancement 
in the methodology and factual knowledge of emotion. 

Today the phrase emotional expression is commonly used. It con- 
tains, however, a certain ambiguity. The phrase may refer to innate 
patterns of response, such as crying, smiling, laughing, rage, and dis- 
gust, which are common to mankind through the world. The phrase 
may also refer to individually acquired patterns of response. For 
example, it is customary in our society to smile in salutation. The 
smile is learned and enacted as truly as the words that go with it. 
Superficially, the social expression of smiling may be very similar to 
the truly reflex pattern. A line of distinction between the innate 
reflexive pattern and the acquired social expression is not always 
easy to draw. The distinction was drawn, however, by Landis in 
interpreting the results of an experiment upon emotion. 

Landis [20] brought real-life situations into the laboratory to 
arouse genuine emotion. He required his subjects to listen to music, 
read the Bible, smell ammonia, view pictures of skin diseases, examine 
pornographic material, read sex case histories, handle live frogs, 
decapitate a rat, receive electric shocks, etc. The facial responses 
were photographed. The extent of involvement of the different groups 
of facial muscles was determined by measuring the distance between 
dark marks placed on the subject’s face before photographing. Meas- 
urements of the distances between these marks revealed the groups 
of muscles involved in a given expression and the extent of the 
muscular contraction. 

For a group of twenty-five subjects Landis failed to discover any 
fixed pattern of facial expression common to any one of his situations. 
Each subject tended to use some particular group of facial muscles 
habitually to the exclusion of others. Landis concluded that emotion, 
as shown in the face, is commonly not a true pattern of reflex response. 
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He suggested a distinction between innate reflexive patterns and 
acquired social expressions of emotion. 

The same distinction was drawn by the social psychologist Klineberg 
[19] on the basis of very different evidence and methodology. 
Klineberg examined the conventional expressions of emotion in the 
Chinese novel and upon the Chinese stage. 

These conventional expressions differ so widely from those in our 
own country that some of them would not be understood by a man 
from our Western civilization. For example, “They stretched out 
their tongues” is an expression of surprise. “Her eyes grew round 
and opened wide” usually means anger to the Chinese, and the 
sentence, “He made his two eyes round and stared at him,” can mean 
only anger. To us this description suggests fear. “He scratched his 
ears and cheeks” might to us suggest embarrassment, but in the 
Chinese novel the phrase means happiness. “He clapped his hands” 
is likely to indicate worry or disappointment. 

On the other hand, Klineberg discovered certain expressions in the 
Chinese novel and on the stage which beyond a question describe the 
truly reflexive bodily changes of emotion. To illustrate, the emotion 
i of fear is described by the Chinese in such sentences as: “Everyone 

■i trembled with a face the color of clay,” “Every one of his hairs stood 

I on end, and the pimples came out on the skin all over his body,” “A 

i! cold sweat broke forth on his whole body, and he trembled without 

l! ceasing,” “They were so frightened that their waters and wastes burst 

I out of them.” 

* It is obvious, therefore, that a distinction must be drawn between 

|! the innate bodily changes of emotion and the acquired social expres- 

li sions. In designing any experiments in this field the distinction must 

be kept in mind. The distinction was not clearly drawn in a group 
of early experiments upon the expression of “emotion” in the face, in 
the voice, by gesture and in gross behavior. A good many experiments 
have been concerned with the agreement among groups of judges in 
rating photographs. In evaluating these experiments one should ask: 
To what extent are the bodily changes innate reflexive patterns? To 
what extent are they acquired conventional expressions? And, in 
any event, just what is meant by the expressions of an emotion? 


CONCLUSION 

The present chapter is concerned with a representative group of 
methods used in the experimental study of motivation, feeling, evalua- 
tion, and emotion. Although diverse methods are considered, the list 
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is far from complete. On the one hand, a good many other methods 
are employed in comparative and physiological psychology. These 
methods are used in the study of animal drives, emotionality and 
temperament of animals, and conflict and neurosis, and for the analysis 
of internal bodily processes which release the energy of behavior and 
regulate its pattern. On the other hand, there are further methods 
in social psychology, clinical psychology, psychiatry, child develop- 
ment, the psychology of counseling, and other areas of applied 
psychology. In the applied psychologies at least the following methods 
are used: the psychoanalytical methods of aided recall, the word- 
association method, hypnosis, the projective techniques, a variety of 
tests and psychological measurements not considered in this chapter, 
the life-history method, and the social case method, as well as the 
study of individual conflicts, frustrations, and sources of satisfaction. 
The variety and diversity of methods would be even greater if the 
scope of the chapter were extended. 

In conclusion it is well to ask: Why is there such a diversity of 
method? 

One answer is that the processes under consideration are exceedingly 
complex. They are so complex, in fact, that they must be examined 
piecemeal and from different points of view. There is a diversity of 
point of view, a diversity of interest, a diversity of aim among inves- 
tigators, a diversity of problem. And along with these diversities there 
is, as we might expect, a diversity of experimental method in dealing 
with such complexity. As stated at the start of this chapter, unity 
lies not in the methods themselves, for they are many, but in the fact 
that the methods are all oriented toward the solution of a group of 
interrelated problems. 

The real explanation of the diversity of experimental methods 
probably lies in the fundamental importance of the processes and 
problems under consideration. In any theory of personality the 
dynamics of behavior is a topic of major concern. One cannot 
understand frustration, conflict, satisfaction, adjustment and non- 
adjustment, tics, impulsions, traits, habits, and other characteristics 
of the individual without a sound understanding of motivation, affec- 
tivity, and emotion. These processes are basic in importance. And, 
practically considered, the processes considered in this chapter are 
of major importance in clinical psychology, psychiatry and psycho- 
somatic medicine, educational psychology, the psychology of counsel- 
ing, the analysis of social problems, and the other fields of applied 
psychology. 

It is because the problems of motivation, affectivity, and emotion 
are so important and so central, theoretically and practically, that 
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there have been varied attacks upon them. When complex problems 
of central importance are studied by men with different aims and 
points of view, it is to be expected that a diversity of method will 
develop in the attack upon them. 
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For a survey of the broad field of motivation see the book by Young [37]. 
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bodily changes of emotion and the techniques for studying them, Lund [23] is 

recomnieiided, especially Chapters 4 to 6. . . , n <. 

For advanced study of current work upon affectivity and emotion excellent 

reviews are available by Hunt [17, 181. 
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Chapter 14 


Methods of Measuring and 
Recording Action 

Ji. C. Davis^ 


In the two chapters immediately following this one the student will 
read about the important psychological problems which involve meas- 
uring and recording responses. These studies in methodology involve 
a rather complex series of laboratory aiTangements and principles of 
physical measurement. This chapter is designed to acquaint the 
student with some of the more important principles of psychological 
recording techniques and the relative values of certain more com- 
monly used measuring systems. Because experimental results are so 
dependent on technique, a knowledge of the principles and practices 
of recording seems basic to the understanding and evaluation of the 
experimental studies that form such an important part of modern 
psychology. 

THE PURPOSES AND PRINCIPLES OF MEASUREMENT 

Whenever an experimenter speaks of recording a response, he is not 
speaking literally but is referring to some particular feature of the 
response which he judges to be important for the problem at hand. 
The feature of the response recorded may be the dependent variable 
in a particular experiment, and the investigator naturally desires to 
preserve the records for future study and analysis. In examining 
modern psychological literature, the student is quickly impressed by 
the diversity of instruments and techniques of measurement with 
which the experimentalist deals. 

One general class of measurements consists of measures of accom- 
plishment: measures which supply information about the adjustment 

i Professor of Psychology, Indiana University. 
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of the individual to the situation confronting him. The most obvious 
feature of most actions is their effect on the relationship between the 
individual and his environment. Does the action bring him closer to 
a designated goal, does it solve any problems for him, or, in general, 
does it leave him in a milieu different from the original one? To 
answer such questions it is necessary to use a measure which is based 
on some object in the environment rather than on the individual, so 
that one may ascertain the individual’s initial and final standing with 
respect to that object. Consequently there are measurements of 
number of questions correctly answered (as in arithmetic perform- 
ance), number of choices of a certain food (as in studies of food 
preferences), and the time required to effect an escape (as in a puzzle 
box or maze). In measurements such as these the scales are neces- 
sarily constructed with units appropriate to each environmental 
situation, because the point of interest is the effect of the action in 
changing that situation. 

The present chapter, however, is chiefly concerned with measure- 
ments of a second class, which may be taken as more nearly ^^absolute” 
measurements of action. These measures have to do with some aspect 
of a response other than its consequences for the organism-environment 
relations. For example, this second class of measurements is more 
concerned with the strength or the duration of the response as such. 
To measure these phenomena the investigator conceives of the subject 
as being, at the outset, at the center or zero point of a scale which is 
arranged to measure in terms of such variables as distance, force, 
energy, or velocity. The investigator then uses appropriate apparatus 
to register how far along such a scale the response goes. In this second 
class of measurements, there is some literal truth in the saying, ^The 
experimenter makes the record,” He not only selects the character- 
istics to be recorded but also he may employ very abstract measuring 
scales. This type of measurement is necessarily used in the study of 
tendon reflexes, changes in the autonomic nervous system, and brain 
potentials, to mention a few examples* 


Some Rules of Procedure for Measurement 

In all measurement the experimenter must insure that his apparatus 
follows certain standard rules of procedure which he has settled on 
beforehand. For measurements of the second class, as described 
above, the rules involved and the scales used follow those of physiology 
and classical physics, which have no serious competitors as far as 
techniques of measurement are concerned, 
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The first procedural rule for any scheme of measurement is that a 
single record should bear a constant relation to the particular dimen- 
sion chosen. Otherwise the resulting record is distorted and lacks 
validity. For a system of physical measurements this principle means 
that readings should preferably be linear and should be proportional 
to such physical variables as time, motion, energy, or a specified 
function of one or more of these. The measurement will be mis- 
leading and allow for false interpretations if a change of three units 
in the physical variable produces a record of three units, two units, 
or one unit, depending on the part of the scale being used. This 
situation sometimes exists in a recording system, but usually the 
experimenter is aware of it and can convert the records made into 
a real scale. 

A second procedural rule for recording is to keep the apparatus 
itself from changing the action under study. Such a change is known 
as back action, and to allow it of course is to change the rules of the 
game by substituting something else for the original goal of the inves- 
tigation. The existence of back action is a troublesome problem in 
the theory of experimentation in all sciences; it is almost as though 
the experimenter is turning on a light to see what the darkness looks 
like. It must be the experimenter’s goal to disturb the response as 
little as possible with his paraphernalia of measurement. 

In psychological wmrk there are two sorts of back action possible, 
the general type and a type called local. The general type of back 
action appears when the subject is disturbed by the formidable appear- 
ance of the equipment or the presence of the experimenter. In plan- 
ning an experiment the investigator usually does his best to reduce 
these factors and arrange for the process of adaptation and familiarity 
to reduce them further. Local back action would be illustrated by an 
absurd apparatus for counting eyeblinks, which attached such a heavy 
weight to the eyelid that it could move very little if at all. No one, 
of course, would use an instrument as bad as that, but so long as any 
weight is attached there is some interference with movement. This 
local back action, whether produced by weight or something else, must 
be eliminated or reduced to trivial proportions. 

A third procedural rule for measurement is a rather simple-sounding 
one: an experimenter should kno'w that his apparatus has a sensitivity 
and range sufficient to pick up and record the changes he wishes to 
measure. With apparatus which is not sensitive enough— which does 
not show a readable change when the action changes— an experimenter 
may of course simply miss what he is looking for. If a response makes 
the recording pointer hit its ceiling or its floor, the experimenter has 
not measured the change but only an unknown part of it. Such a 
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Fig. 1. A simple electrical system. 

’ An electromagnefic counter fs used as an indicator for number of occurrences. In the steadiness 
tester shown at the right the subject holds the stylos in one of the holes so as to avoid touching the 
edges as far as possible. When he does touch the edge, a contact is made and the counter is 
activated. The tester serves therefore as a coupling device. 


result is due to overloading, which may be a fault in any part of the 
recording system. 


The General System of Apparatus 

As a means of performing the operations of measurement according 
to the above rules, the experimenter selects what may be called a 
system of apparatus. A recording or registering system must do these 
things: (1) connect the subject to the system, so that it will be affected 
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by some desired type of variation in him; (2) transmit the changes 
from the subject; (3) record or indicate the changes somewhere. In 
most systems a separate piece of equipment: the coupling, the trans- 
mitter, and the indicator, respectively, is used for each purpose. Very 
frequently the coupling device and the indicator serve another purpose 
as well, by converting one form of energy into another so as to make 
the change more convenient to transmit or record. Figure 1 illustrates 
a simple apparatus for counting movements. All the features men- 
tioned are present in this system. The simple coupling is the steadiness 
tester, with which the subject makes and breaks the circuit; the trans- 
mission is accomplished by the wdres of an electric circuit which runs 
from the subject to the indicator; and the electromagnetic counter 
with its dial and pointer is an indicator. The steadiness tester and 
the counter are also converters; the former converts stylus movements 
into electric impulses, and the latter converts these into pointer 
movements. 

The same essentials can be seen in the pneumatic systems showm in 
Figs. 2 and 3. In Fig. 2 the pneumograph and the finger tambour are 
for coupling and converting; the rubber tube transmits the change; and 
the writing tambours are converters and indicators. 

When he plans his recording, an experimenter has a choice of four 
principal kinds of apparatus systems, classified according to the kind 
of transmission used. There is the mechanical system, in which the 
response is transmitted by such things as rods, levers, or pulleys; the 
pneumatic system, such as is shown in Figs. 2 and 3, in which the 
transmission is accomplished by a change in air pressure; the optical 
system, such as is shown in Figs. 4 and 5, in which light rays transmit 
the effect of the response; and the electrical system, as shown in Figs. 
6, 7, and 9, in which the transmission depends on changes in electric 
current or voltage. ^ 

CHARACTERISTICS OF RECORDING SYSTEMS 

The major operational characteristics of a system are its range and 
sensitivity or amplification, amount of its distortion, md its back 
action. These characteristics can be discovered either by analyzing its 
structure or by observing how it works when some known action is ap- 
plied to it. To illustrate, the minimal sensitivity of a lever can be found 
by producing very small variations at the input end and noting whether 

2 For more detailed accounts of the first three classes, the student is referred 
to the articles by Wendt [27], Dittler [9], Broemser [3], and Straub [243. A fifth 
class, thermodynamic, is little used except in some measurements of metabolism. 
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Fig. 2, Pneumatic systems working on a continuous feed polygraph. 

The recording tambours shown in the top of the figure are operating capillary pens which carry 
ink from the trough to the paper. One is connected to a pneumograph shown in the foreground; 
the other, to the receiving tambour fust above it. This latter tambour is arranged for picking up 
finger movements. The third recording pen is operated by a small electromagnet to give records 
of such things as stimulus presentations. The polygraph is driven by a constant-speed motor, and 
knobs at the side of the polygraph set the speed of the drive. (See the discussion of polygraphs 
later in the diopter.) 


Fig. 3. A tambour with writing lever. 

The air-input end is continuous with the closed pneumatic system of a pneumograph or some other 
such instrument. B is a metal case at the end of the closed air system, and A is a drum surface of 
thin rubber pulled tightly ocross the top of the metal case. C is a smoll plate of metal fixed to the 
rubber surface and having a projection on which the freely moving stylus, D, rests. Variations in 
air pressure within the pneumatic system will produce movements of the rubber membrane A, which 
in turn moves the stylus D, Note that the position of coupling between C and D can be made to vary 
by adiusting the position of £ on the hollow rod, and thus variations of degree of amplification are 
produced. 


396 


these are reproduced at the output end. To test amplification the 
experimenter may take the ratio of the lengths of the two arms around 
the fulcrum of the lever, or he may move the input end a certain 
distance and compare the resulting movement of the output end with 
that distance. Such means, however, will serve only for a very 
preliminary estimate of such characteristics, but if the experimenter 
is building or revising a system he usually needs to know something 
about the effects of the structural elements on the characteristics. 


Range and Sensitivity 

The experimenter usually pays considerable attention to the range 
of his measuring instruments. He is concerned with the smallest 
change and the largest change wdrich his apparatus system will 
register. The general nature of a particular investigation determines 
the points of these limiting factors. For example, the loiver limit of a 
pneumograph could theoretically be set in such a way that the instru- 
ment wmuld pick up heart beats as well as breathing curves of 
inspiration and expiration. So low a limit would of course be undesir- 
able in a purely pneumographic investigation. The usual procedure 
is to determine the range, i.e., the largest and smallest values, desired 
for a particular study and insure by test that the system registers in 
this specified range. 

For an illustration of the upper limit we may return to the pneumo- 
graph. Careful inspection of Figs. 2 and 3 will indicate that inspi- 
ration stretches the rubber pneumograph and so diminishes the air 
pressure in the system, resulting in a drop or downstroke of the tambour 
stylus shown in Fig. 3. If the tambour were so arranged that a full 
drop could be obtained with less than full inhalation, a cei^tain part of 
the response would be cut out of the record, and only a flat place, rather 
than the full curve, would show. 

A large range is, of course, a desirable characteristic for a system. 
The experimenter, however, will usually have to accept a compromise 
on this point, for, other things being equal, a system with a wide range 
wdll have a low semitivity (gain, or amplification). This is defined 
as the ratio of the output reading to magnitude of input — more pre- 
cisely, the ratio of the change in output to the change in input. In 
general, these two values will not represent the same physical dimen- 
sion, for the output will be measured as the distance moved by a point, 
whereas the input may be movement, pressure, temperature, voltage, 
or whatever else the experimenter is measuring. Sensitivity, of course, 
needs to be measured with inputs of different sizes in order to find the 
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operating range of the system and to determine whether its action is 
proportional to input throughout its ranges. It is likewise checked 
under various external conditions to verify its constancy. 

In a pulley and lever system the only general structural features 
which will affect the gain are the ratio of the arms of the lever and the 
mechanical advantage in the pulley system. A change in any one of 
the structural elements of a pneumatic system will affect its amplifica- 
tion characteristics. Direct photography of the individual’s response 
is the simplest kind of optical recording system^ and the amplification 
(enlargement) of the record depends on the curvature of the lens used 
and its nearness to the object being photographed. With extremely 
great enlargement, of course, the upper limit of the range is fixed 
by the graininess of the film used. Purely optical amplification is 
determined by the length of the beam of light after it is reflected 
and by the angular position of the source and recording surface 
with respect to tlie mirror. These features are described later in this 
chapter. 

The problem of sensitivity in electrical systems becomes somewhat 
more complex. In the simplest electrical system, a source of electric 
potential in the body, e.g., brain potentials, muscle potentials, sweat- 
gland potentials, is connected directly to a recording instrument, which 
will also serve as a converter. To this basic circuit a number of sup- 
plementary devices may be added for one purpose or another. The 
system may include such converting coupling devices as a microphone, 
vibration pick-up, or photoelectric cell between the subject and the 
electrical circuit; and additional and more complex indicators, such 
as oscilloscopes and magnetic pens, may be added. 

In electrical recording systems much greater control over sensitivity 
is obtained by the introduction of vacuum tubes into the circuit. The 
general arrangement of such a system is as follows: There is a source, 
called a signal sourcey which the experimenter is attempting to amplify 
and measure or record. In addition to this signal source there is a 
power source, which supplies the vacuum tubes directly. The faint 
signal is led to tlic first tube, where its characteristics are impressed 
on the comparatively large flow of current through the tube. Varia- 
tions in current flowing through the tube now have the same form or 
pattern as that of the signal, but the magnitude of the variations is 
greatly increased. A simplified analogy may be described in terms of 
a large water dam (a great power source) at which a small valve is 
manipulated in certain patterns of movement (the signal). The 
resulting powerful flow of water from the dam will be modified by 
variations in the small control so that their pattern of variations will 
be the same. Thus a small force exeiffed on a valve greatly varies the 
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flow of w^ater from the dam. In both cases variations in a small force 
produce magnified variations in a large force. In the electrical system, 
described above, a single tube is involved, giving a single stage of 
amplification. If the process is repeated, i.e., the amplified signal is 
allowed to vary the current flow of a second tube, we get further 
amplification. This process may be continued through three or four 
tubes, with the output perhaps reaching ten million times the original 
signal input. ^ 

The gain of an amplifier may be easily controlled by adjusting 
voltages. Quite frequently arrangements are made so that the gain 
is set at a desired value by tmming a knob or throwing a selector 
switch. Once set, the sensitivity or amplification is a rather stable 
value. 


Amount of Distortion 

The sensitivity of a recording system is what is known as a ^^tatic” 
characteristic ; it appears when the input moves from one steady state 
to another which lasts indefinitely. In measuring responses, however, 
the experimenter is seldom confronted with so simple a problem. 
Eesponses are generally of very limited duration, and the experimenter 
cannot wait for the appearance of a new steady state before he takes a 
reading. It is necessary to have a system that will keep up with its 
input changes without distorting the record; hence one is forced to 
think of the ^^dynamic” characteristics of measuring systems. 

In any mechanical system there are three forces acting in addition 
to the one to be recorded: the merrta (perhaps determined by mass 
moved), a restoring force (e.g., elasticity), and a damping force (e.g., 
friction). A non-mechanical recording system is also likely to have 
some or all of these forces operating within it and so, if they are 
improperly combined, to distort the record when the input is chang- 
ing — and distort it more the faster the change. Greater inertia makes 
a system slower in action; greater restoring force makes it faster but 
tends to make it oscillate; greater damping makes it less sensitive to 
transient changes but makes it come to rest sooner. 

Some recording systems are free from inertia; pure optical systems 
and several electrical systems which are used with cathode-ray 
oscilloscopes as indicators have none. See Fig. 7. Systems of another 
group have inertia but lack restoring force, e.g., a horizontal piston. 
A great many systems — lever, pneumatic, and certain electrical — have 
all three factors. In these, types of apparatus there is, therefore, a 

^For details of amplifier construction the reader is referred to [17] and [20]. 
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limitation on the speed of change that can be accurately recorded, and 
the hope of a true record lies in keeping the speed of the apparatus 
well above that of the responses to be recorded. The most direct way 
of finding the speed limitations of a system is to introduce into it 
changes of a standard size but of varying speed and to observe how 
well the system follows these changes. 

If the possible speed of the apparatus is not high enough, it is 
sometimes said to “lag,” although this term is not quite descriptive. 
What happens is that the indicator does not reach its full reading 
before the input changes again, whereupon the indicator reverses its 
direction and never reaches a true reading of the first change. Any 
system which has both inertia and restoring force will have a “resonant 
point” or natural frequency of vibration. If this is below the frequency 
of the responses to be recorded, the indicator may show oscillation 
or “bounce” before coming to rest. The bounce may be eliminated by 
more damping, e.g., by friction, but is better cared for by adjustment 
of inertia and restoring force, e.g., by increasing elasticity. The three 
factors of inertia, restoring force, and damping force may be deter- 
mined by the size and material of the parts or by the way they are 
connected (their “coupling”). 


Local Back Action 

'I'he third operational characteristic mentioned is local back action, 
which arises from the fact that whenever the organism does “work” 
on a system, the system also does “work” on the organism. In this 
way the recording system may tend to destroy the very thing it is 
supposed to measure. To illustrate, an experimenter might try to 
measure the temperature changes of an area of the skin by passing a 
stream of air over it and measuring the temperature^ of samples of the 
air. It is clear that his results would bear no simple relation to skin 
temjicrature, because while the body is heating the air, the air is cooling 
the body. Of course, tire experimenter must decide wdiat aspects he 
wants to measure before he can decide whether his system has much 
or little back action. For our purposes of measurement we may con- 
sider the organism as a generator on which w'e may measure several 
physical variables. Some of these measurements we may call potential, 
others dkpheement. Readings of muscular force, pressure (as in 
blood pressure), temperature, and electromotive force are examples 
of potential measurement; readings of movements, flow of electric 
current, and heat dissipation are examples of displacement mcasure- 
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ment. From displacement measurements values for energy or work 
may be derived.^ 

To avoid local back action, one essential is that in measuring poten- 
tial no part of the potential be lost in producing displacement, and 
in recording displacement that no part of the potential motion be kept 
as mere potential because of some opposing force. As simple examples 
of this problem we may desire to measure strength of hand grip (poten- 
tial) and the extent of the knee-jerk reflex (displacement). We would 
need to prevent the hand from moving wdiile measuring tension, and 
we would need to prevent the string or bar coupling from holding back 
on the leg so that it could not produce a full excursion. 

Evidently apparatus which will prevent back action in one kind of 
measurement may produce it in the other, and in any sort of mechani- 
cal system it is impossible to attain the ideal. The relationship of 
the three basic features — inertia, restoring force, and damping — deter- 
mines the back action of a system, as it does the distortion. In 
measuring force or pressure, movement is usually kept at a minimum 
by giving the recording system a high elasticity to oppose the move- 
ment. In a pneumatic system the rubber membrane provides some 
of this elasticity, and a spring is often added to produce more. For 
purposes of recording pure movement those features which will impede 
movement, namely, mass, elasticity, and friction, are minimized. A 
pure optical system is ideal for recording movement because it has 
none of these features. If the optical system is used to record pressure 
or force (potential), it needs a mechanical or electrical supplement. 


Summary of Characteristics 

From the requirements for recording systems and their capabilities 
we may make a general summary of the assets and liabilities of the 
four principal types. The most familiar in the psychological labora- 
tory is probably the pneumatic system, which with the lever and 
pulley system has been the basis of most recording apparatus in the 
past. An experimenter soon feels ^^at home” with these systems 
because so much of their action is visible and because they resemble so 
many appliances found outside the laboratory. On the other hand, 

A few moasuremenis used in psychological work are of a third type ; in these 
the organism is considered the recipient rather than the generator of force, and 
its resistance or reaction to the force is measured. The measurement of galvanic 
vskin response is the commonest example (pages 377-378 and 413-414). Ultimately 
these are force measurements, for by comparing applied force with the resultant, 
one discovers the characteristics of the organism* 
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the mechanical systems, which look rather simple, are cl^mamically 
very complicated, because their operational characteristics depend on 
so many structural features. Their back action can be only reduced, 
not completely eliminated. For recording unimpeded movement an 
optical system has the great advantage of lacking inertia. Even when 
it is necessary to mount a mirror or some other coupling or converting 
device onto the subject, the mass moved can be kept negligible. On 
the other hand, optical systems, including direct photography, have 
the disadvantage of forcing the experimenter to wait until the 
film has been developed before analyses of the records can be 
made. Electrical s^^stems can also operate without inertia if they 
use cathode ray tubes as indicators. See Fig. 7. If permanent rec- 
ords are desired with such a system, there is, of course, the necessity 
of adding photographic equipment and waiting for the development 
of the films. 

All these methods have been used to good advantage in psychological 
experiments by investigators who were careful that their instruments 
should meet the requirements of the situation. In recording the knee- 
jerk reflex, for example, Wendt [26] used a pulley and lever system 
which was very fast and had little back action. He took advantage 
of the thickening of the quadriceps muscle during the response by 
attaching a light lever to it, so that the lever would move when the 
muscle thickened. This lever then pulled a thread attached at the 
other end to a writing lever, which traced an accurate record of the 
response. 

Pneumatic recording was developed to a high point by European 
workers a generation or more ago. In modern times an important 
example of pneumatic recording is found in a series of studies by 
Luria [19], who used a system for recording finger movement or 
pressure very much like the one pictured in Fig. 2. With it he recorded 
the involuntary and voluntary finger responses which subjects produced 
in a serious conflict situation. 

An interesting case of direct optical recording is found in the studies 
made by Landis and Hunt on the startle response [16]. These 
studies are described in Chapter 12, pages STS-SSO. 

There are many good examples of electrical recording techniques 
used to great advantage in the psychological laboratory. The record- 
ing of electric potentials from the brain (electroencephalography), for 
instance, is usually carried out with a great deal of attention to instru- 
mentation, and there has been built up a large body of information 
about brain actions in relation to psychological states and processes, 
which would have been impossible without this technique. Descrip- 
tions of this important work are given in Chapter 15. 
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SOME COMMON RECORDING SYSTEMS 


In order to make one of the general types of recording systems serve 
a particular purpose, the experimenter usually employs an appropriate 
coupling device as the first element and then makes sure that the 
remainder of the system is adequate to indicate the changes picked 
up by the coupling unit. It is the coupling unit that determines what 
is to be measured. 


Temporal Measurement 

Probably the simplest response characteristic to record is the time 
or frequency of occurrences. In this type of measurement the experi- 
menter first decides what constitutes an occurrence for his purpose: 
will he count a slight muscle twitch, for example, or any actual limb 
movement, or only those of sufficient energy to move a telegraph key 
against the opposition of its spring? The system most often used for 
temporal recording is electrical, and the commonest coupling device is 
the closing or opening of the gap (or switch) between two contact 
points in a circuit. The gap is closed by a specified movement, and 
with each closure the counter is activated by the electrical circuit 
so formed. This is the setup for the measurement of reaction time 
(see pages 461-463), the tapping board, the steadiness tester (see Fig. 
1), and the devices for counting departure from a prescribed path in a 
star or maze tracing with a stylus. 

If the response is a sound, the air vibrations operate a simple switch, 
as in the plan of the original ^Smice key.” Electronic devices are now 
available which are more sensitive and reliable [8, 18] . In these the 
sound is converted into electrical impulses, wdiich activate a circuit 
thimugh a special tube. Electronic devices are also advantageous for 
timing movement; the movement may interrupt a beam of light which 
activates a photoelectric cell. In addition to being more sensitive and 
reliable, such a device also avoids putting any load on the subject. 

For counting or timing the indicating device is usually quite simple; 
it needs only to indicate the presence or absence of a response at a 
specified time. In a counter such as that showm in Fig. 1, an ordinary 
electromagnet moves the pointer one scale division each time the 
circuit is closed by the key. 

The chronoscope has long been a very important instrument in the 
psychological laboratory because of the many problems which demand 
measurement of the time between stimulus and response — reaction 
time. The student is referred to Chapter 16 for descriptions of the 
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psychological applications of reaction-time measurements. Although 
chronoscopes have been constructed on many plans, the usual mech- 
anism now is a synchronous motor driven at a constant speed by the 
regular pulsations in the 60 -cycle electric power line. The driving 
mechanism is not connected to the pointer hands at all times, but the 
connection is made when an electromagnet moves a wheel to engage 
it with the driving mechanism. When the current through the magnet 
is turned off by the subject’s breaking his coupling switch, the hands 
are disengaged again by a spring. Therefore, the hands on the dial 
will run only so long as current flows in the magnet and will register 
the length of time it has been flowing. Such chronoscopes usually 
measure in hundredths or thousandths of a second, the latter unit 
sometimes being called millisecond or sigma (o-) . 

Another type of chronoscope has been introduced which works on 
an electronic principle [13]. As long as the circuit of this instrument 
is closed, a condenser ■will build up a higher and higher voltage. Thus 
the voltage on the condenser is a function of the time the circuit has 
been ck»scd, and a voltmeter connected to the condenser by a vacuum 
tube is used to measure this resulting voltage, ■which can be converted 
into milliseconds. This kind of chronoscope is absolutely noiseless 
and avoids the mechanical inaccuracies that are likely to afflict an 
instrument with moving parts. 

Graphic Recording with Time 

In many experiments more than the time or frequency of a given 
change needs to be recorded; it may be necessary to determine the 
progress of changes in some other dimension as they take place in 
time. For this two-dimensional recording a graphic record is most 
convenient. A paper or film surface may be arranged to move 
steadily, while an indicator marks on it changes in some other variable 
in a perpendicular direction to its time motion. Such a device is gen- 
erally termed a kymograph or, if several records are being made, a 
polygraph. Tracing on the paper is made by a lever, often delivering 
ink through a capillary tube. See Fig. 2. A very common plan, 
however, is to cover a glossy surface of paper with a light coating of 
soot, which the writing lever then removes as it moves along. Such 
a record is preserved by coating it with shellac. Sometimes a wax- 
covered surface is passed by a heated stylus or lever, ■«-hich removes 
a thin line of the wax and uncovers the darker paper underneath, thus 
producing a grai)hic record of the lever’s movement. For optical 
recording, a photopolygraph is constructed in such a way that an 
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enclosed roll of film is passed by a slit at a constant speed, and the 
light beam is led in through the slit. Illustrations of polygraph records 
will be found on pages 378, 412, and 617. 

Whatever general plan of graphic recording is used, several variables 
may be measured simultaneously by using more than one pen, stylus, 
or light beam. The investigator also needs an additional writing 
source to indicate equal time intervals, and this is of course essential 
when the kymograph is not driven by a synchronous motor. For 
recording time intervals the usual device is a small electromagnetic 
marker activated by contacts regularly made by a small synchronous 
motor. The same sort of marker is generally used for indicating on 
the record whenever a stimulus is given or some other event takes 
place. In optical recording a small argon glow lamp is flashed wuth 
the closing of a circuit, and this may take the place of the electro- 
magnetic marker for purposes of timing or stimulus recording. See 
Fig. 8. 


Coupling for Measuring Movement 

It is frequently desirable to record the variations in movement or 
force (pressure) wuth time. Movement is recorded, for example, in 
studies of breathing, blood distribution and pulse, and eye movements. 
Any of the four kinds of recording systems may be used for the regis- 
tration of movement, although the electrical is not often used for this 
purpose at the present time. Of course, the feature that makes a 
system suitable for recording a certain movement is the nature of the 
coupling or conversion unit w^hich connects it to the organism. 

Reflexes or voluntary movements are often recorded with a lever and 
pulley system, with a direct attachment of a lever or thread to the 
moving member, if the position of the body as a w^hole is fixed in some 
way. Sometimes the “dimensionality’’ of the movement is ignored, 
and the hand and arm are allowed to move about freely on a horizontal 
plate while the complicated pattern of movement is being recorded. 
Such is the case with the automatograph. Similar movements of total 
body sway are measured by attaching a horizontal plate to the head 
of the subject and allowing a fixed vertical marker to record on this 
plate as the body produces involuntary swaying motions. This instru- 
ment is called an ataxiameter. 

More often, how^ever, the problem is to record limb movements in 
one dimension, as for patellar reflex, finger tremor, or voluntary move- 
ment in a particular direction. In such responses the part of the body 
which is going to move, e.g., the limb,, is often attached to a writing 
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lever directly or by means of a thread running over pulleys, so that 
the writing lever deflects and marks on a moving kymograph whenever 
the part moves. Usually a weight is added to the lever to bring it 
back into position as the response comes to amend. Or a pneumatic 
transmission system like that shown in Fig. 2 is used. In this 
system as the part (the finger) moves, the membrane on the capsule 
is depressed or released and produces through the pneumatic system 
a movement of the writing lever. An optical system has the advantage 
of avoiding inertia in the registration of movement- The optical sys- 
tem is arranged so that the moving part casts a shadow, of which a 
camera with a moving film takes a picture. Instead, a tiny mirror 
may be fixed to the moving part, and a small source of light made to 
reflect a beam from it into a moving film camera (a photopolygraph) . 

With a suitable coupling device, an electrical transmission .system 
is sometimes used. A photoelectric cell serves this purpose, or a small 
plate is attached to the subject, so that, as it is brought closer to a 
fixed plate during the process, it acts as a variable condenser, the 
changes in which operate the electrical transmission system [22]. 

There are some objections to using the limb itself as a lever in 
recording movement because it is so heavy. Another plan is to record 
the thickening of the muscle which moves the limb. Coupling then 
may be accomplished by surrounding the limb with an elastic band 
and letting tlie variations in the band activate the system, according 
to one of the above schemes. A more useful plan, however, is to attach 
the coupling device to just one point on the surface over the muscle 
without a surrounding band. This was the plan used in the Wendt 
experiment described previously. 

The movements of breathing are most often recorded pneumatically 
with an elastic-band arrangement, A device called a pneumograph , 
consisting of a hollow rubber tube arranged like a bellows, is stretched 
and tied around the chest, and the amount of air in and out of the 
tube or chamber is communicated to the rest of the pneumatic system. 
Several plans for using electrical rather than pneumatic recording for 
breathing movements have been suggested [14, 15, 22] . These require, 
of course, some coupling device which will convert movements into 
electric waves. One plan is to have the movement vary the distance 
between two plates, which act as a condenser, the same plan as men- 
tioned above for recording limb movements. 

Registering Ocular Movements 

Recording the movements of the iris, eyeball, or eyelid is a rather 
special problem because the attachment of any mechanical device 
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tends to introduce too much back action in addition to being annoying 
to the subject. Optical or electrical devices are used for this purpose 



Fig. 4. An instrument using an optical system for recording eye movements. 

The cornea of each eye reflects a light beam onto the photographic paper which is continuously 
moving in the back part of the instrument. See also Fig. 5 below. 

[2]. Changes in pupillary size 
tris movement) may be photo- 
graphed, although the presence 
of a bright light is a handicap 
because it will itself affect pupil 
size. The pupilometer is a tele- 
scope with cross hairs or circles, 
which may be manually ad- 
justed until they are tangent 
to the size of the pupil. The 
manual settings are sometimes pig. 5 . Diagram of the optical system 
recorded graphically [1]. in Fig. 4 above. 

Movement of the eyelid is 

sometimes recorded by attaching a sliver of paper to the lid ("artificial 
eyelash”) and providing a beam of light so that the shadow of the 
artificial eyelash will fall onto photopolygraph. See page 616. 
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The instrument most often used for recording eye movements, 
chiefly horizontal movements, is of the type shown in Figs. 4 and 5. 
In this instrument small light sources are housed in the knob-like 
projections opposite the subject’s mouth in the picture, and these throw 
beams of light, one on each cornea, where they do not affect the sub- 
ject’s vision. The glossy surface of the cornea reflects the light beam, 
which is then transmitted through the tubes just above the light 
sources and focused onto the moving film or paper. This recording 
scheme depends on the fact that the eyeball is not perfectly spherical, 
for if it were, the angle of reflection would not of course be changed 
by rotation of the eyeball. Because the recording film or paper moves 
at a steady rate, the record of the ordinary jumpy or saccadic move- 
ments used in reading looks like an irregular staircase. The instru- 
ment is of course calibrated when the experimenter washes to measure 
the size of the movements. 


Registering Force or Pressure 

To measure force or pressure, a potential measurement, a system of 
apparatus must offer enough opposition to prevent any great amount 
of movcraont; otlierwise, measurement will be falsified by back action. 
For the measurement of mechanical force the opposition is most often 
provided by a spring or by compressed air, and the registration is 
aecomi)lished by a mechanical or pneumatic system. 

A simple force-measuring instrument is the dynamometer, ordinarily 
used without any time recording. The object of this instrument is 
to indicate the maximum force of a muscular contraction (voluntary), 
and arrangements arc made so that the muscular force w'orks against 
a very stiff spring, whereupon a pointer registers the compression (or 
extension) of the spring. 

One of the commonest and, at the same time, most difficult of pres- 
sure measurements is the measurement of blood pressure. The chief 
difficulties of the problem are that the pressure of the blood in the 
arteries changes so rapidly and that it must be measured rather indi- 
rectly. The pressure goes through a cyclic change wath every pulsa- 
tion of the heart, reaching a maximum with the systolic stage and a 
minimum w'ith the diastolic. There are, therefore, three kinds of 
blood-pressure values: the systolic, the diastolic, and the pulse pres- 
sure, which is the difference between the two. Clearly if a measure- 
ment is to be at all definite, it must represent some particular point 
in the cycle, such as the maximum or the minimum. 
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If the experimenter could sever an artery and connect the pulsating 
end directly to a pressure-recording system, a manometer, the flow of 
blood wmuld be stopped, and the manometer wmuld indicate pressure 
variations. Since this direct method is usually impossible, the experi- 
menter obtains a reading by applying enough pressure to the sides of 
the unsevered artery to cut of! blood flow. This pressure is applied 
by means of a cuff, which is inflated by the experimenter. For systolic 
measurement the cuff is inflated until only the pulse is heard below it 
by means of a stethoscope. For diastolic measurement, there is less 
cuff pressure; it is deflated until the experimenter can hear a dull 
thud instead of the snapping sound of the pulse. The pressure of the 
cuff is, in general, just equal to that of the blood stream, which it 
balances; thus the blood pressure is determined by reading the cuff 
pressure on a manometer wdien the balance has been reached. 

Such a method as the foregoing gives a reasonably good indication 
of the general level of the blood pressure, but the general level is of 
more interest in medical practice than in psychological studies. The 
experimenter usually wishes to obtain a series of rapidly successive 
measures, and this is much more difficult, although some apparatus 
systems have been devised to obtain rapid and automatic readings of 
blood-pressure changes [4, 23]. 

To record the pressure of the pulse presents a similar problem, 
because it is often measured by a comparison of systolic and diastolic 
pressures. Most frequently a less accurate record is made by having 
a small knob press against an artery by a spring, by \veight, or by air 
pressure; and the movements of this knob are then recorded by an 
appropriate system [9, 21]. The pulse wave with its complex har- 
monics is so rapid that accurate recording is almost beyond the limits 
of mechanical devices [28]. 


Recording Vocal Responses 

For the recording of vocal responses electrical systems have almost 
wliolly supplanted all other kinds. In this case air-pressure variations 
(sounds) are converted into electrical waves by a microphone, and 
these weaves are enlarged by an amplifier. Because of the relatively 
high frequencies (short wavelengths) involved, the best indicating 
instrument is the cathode-ray oscilloscope. The resulting wave forms 
may be viewed directly on the oscilloscope, as in Fig. 6, or they can 
be photographed on a fast-moving paper for later analysis. 
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Electron beam 

Fig. 7. A typical cathode ray tube, as used in the oscilloscope represented 

in Fig. 6 above. 

The horizontal deflection plates cause the stream of electrons to move back and forth across the 
screen. The vertical deflection plates are connected with the microphone and produce the vertical 
movements in accordance with the sound. 
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Measuring Work 

As different from movement and pressure, investigators usually 
employ the terms uwrk and energy in rather specialized senses. Work 
refers to the work done by an organism on an external object, and 
ener^ refers to the heat energy generated in the whole organism 
(metabolism) . 

Because work implies movement of an object, the recording is there- 
fore a recording of movement under special conditions. As different 
from the studies in which displacement is measured, the subject’s 
movement is opposed by some force for purposes of studying work, 
because it is the movement of a load that constitutes work. The load 
which the subject moves is usually a weight or a spring, although the 
spring has the disadvantage of offering more and more counterpull as 
it is stretched. The load may be attached, of course, to any part of 
the body capable of doing work. Because it has been found that 
there is a tendency for the subject to shift to another set of muscles 
when one set becomes fatigued, it is necessary to restrict undesired 
movements which might serve as substitutes by restraining adjacent 
parts of the body. 

Work is performed, of course, when the subject is lifting a weight 
or stretching a spring. In the strict sense, no work is done on the 
“down’’ stroke when the subject eases the load back to the resting 
position, yet the subject will tend to exert a retarding force wdiich 
might otherwise be used to do more work. To avoid this waste, a 
catch mechanism is sometimes provided on the ergograph to take the 
load off the subject each time he reaches the top of his pull. For a 
description of the psychological measurements and factors involved 
in work study, the student is referred to Chapter 16. 


Measuring Energy 

For the measurement of energy production in the whole organism 
(general metabolism), there are twm chief methods: the physical, 
which depends on measurement of heat produced over a period of time; 
and the chemical, which depends on measurement of oxygen consump- 
tion or carbon dioxide production [10]. In order to obtain a measure 
over a shorter period of time, variables which correlate with general 
metabolism are sometimes used as indices. One plan measures what is 
called “insensible perspiration” by keeping a very accurate record of 
the subject’s weight loss from moment to moment with an elaborate 
automatic balance [5], The theory behind this procedure is that 


water is produced as one of the results of metabolism, and that weight 
will be lost as the water vapor is given off. 



Measuring Electrical Changes 

Because every bodily response generates electrical changes, the 
recording of these changes is often the most convenient means of 
studying the response, and sometimes it is the only one. Electrical 
changes are commonly recorded in four types of measurement: of 
heart action (electrocardiography), of skeletal-muscle action (electro- 
myography), of brain waves (electroencephalography), and of sweat- 
gland action (galvanic skin response). The first three are electric 
potential measurements and may be accomplished with the same 



Fig. 8. Photographic records of electrical responses. 


The lower record is on electrocardiogram, the upper an electromyogram taken simultaneously. 
The dots are produced by the flashing of an argon lamp and represent intervals of 1/60 of a second. 
The solid horizontal line, produced in a similar manner, represents the delivery of a signal to the 
subject indicating that he should lift his forefinger. 

apparatus; the fourth may be either potential or resistance measure- 
ment. The coupling device for picking up any of these changes is 
very simple in principle, consisting merely of a pair of electrodes. 

The placement of the electrodes may be “bipolar” or “monopolar.” 
When both electrodes are placed close to the site of the change, the 
arrangement is called bipolar. For monopolar recording, one electrode 
is placed near the site of the change, and the other on some distant 
and inactive tissue. With bipolar recording the responses of two 
areas will be picked up by the electrodes; with monopolar recording 
the responses of only one area arc picked up. Hence monopolar 
recording is easier to interpret [6]. 

The electrocardiogram represents a large potential wave, or rather 
a series of waves, arising as a result of the action of the heart muscles, 
but permeating the body so that it can be picked up by electrodes 
located almost anywhere on the body, provided they are far enough 
apart. A conventional arrangement is to put one electrode on each 
liand or one on a hand and one on an ankle. The electrocardiogram 
in Fig. 8 was recorded in this way. The electromyogram needs to have 
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Fig. 9. Electrical system with vacuum tubes used for measuring the galvanic 

skin response. 

The electrodes here are cops with zinc plates covered with Mn02 soaked in 0.9% salt solution, 
that in turn being covered with a pad soaked in saline. The meter at the right registers changes in 
the subject’s resistance, GSR. The meter at the left shows the constant current through the subject. 
The reading of the meter in the center is used to compute the subject’s total resistance. The operator 
keeps the third needle on the scale by turning the center knob. 


electrodes must be attached to the scalp [17]. For monopolar record- 
ing, the second is usually attached to the lobe of the ear. 

For recording any of these phenomena the waves picked up by the 
electrodes arc fed into an amplifier and sent to the recording instru- 
ment, which is usually either a cathode-ray oscillograph (Figs. 6 and 
7) or a magnetic ink writer. The latter is a light capillary pen moved 
across a recording paper by the pull of an electromagnet, which is 
energized by the waves coming from the amplifier. See also pages 
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at least one electrode quite near the muscle which is active. The 
recording shown in Fig. 8 was made wdth one electrode on the back 
of the forearm about 2 inches below the elbow, and the other on a large 
thick pad on the upper arm, which had the effect of making the 
recording monopolar. Because the electroencephalogram represents 
a potential arising in certain parts of the brain, one or both of the 



448-452. Special devices are sometimes added to electroencephalo- 
graphs and myographs to help in the interpretation of the resulting 
records. An integrating circuit may be arranged to add all the waves 
coming through the amplifier in a specified period of time and to indi- 
cate their sum [11, 12] . For electroencephalography there has been 
much interest in the frequencies of the waves generated, and one device 
has been perfected to perform a harmonic analysis on the waves as they 
come through the amplifier. It then adds together all the waves of 
each frequency and records their sums [25] . 

Apparatus for the measurement of the galvanic skin response 
(GSR) may be arranged to record either potential or apparent resist- 
ance, for the skin connected at two points to an electric circuit will 
show either a certain potential or a certain apparent resistance to a 
current made artificially to flow through it. Most frequently the 
experimenter desires to measure changes in apparent resistance pro- 
duced by certain stimuli. Current is passed through the skin of the 
subject, and enough resistance added to the circuit to adjust it to a 
predetermined value. From this the initial resistance of the subject 
can be computed. The deviations from this initial value form the 
galvanic skin response, wdiich the experimenter records. The current 
will naturally change somewhat while the subject is responding. 
Because of this factor it has been found desirable to make the current 
adjustments automatic by means of a vacuum-tube circuit [7]. An 
instrument operating on this plan is shown in Fig. 9. The changes 
may, of course, be amplified and recorded with a magnetic ink writer, 
rather than being measured by a simple meter. 

SUMMARY 

This survey of the recording apparatus of the psychological labora- 
tory might be described as a discourse on the theory of recording. 
A distinction was made between adjustments that are environment 
directed and those that are more nearly absolute. In attaining the 
more abstract types of experimental measurements the experimenter 
is cautioned that his readings must refer to real measurement scales, 
and that the apparatus must not markedly change the thing to be 
measured and must have sufficient sensitivity to record adequately the 
changes that are arbitrarily chosen for the dependent variable in any 
investigation. 

Apparatus units have been analyzed in terms of their coupling, 
transmission, indicator, and conversion parts. The major types of 
recording systems have been discussed, and their relative advantages 
indicated fur different types of investigations. 
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This brief treatment of laboratory techniques of recording action 
should make the student feel more at home in reading the literature 
of experimental psychology, in which process it is usual for him con- 
tinually to be asking how the apparatus was used and what assump- 
tions were involved in the recording of each particular response. 
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Chapter 15 


Studying Neuropsychology and 
Bodily Functions 

Donald B. Lindsley^ 


Neuropsychology is not a field by itself. It is simply an area of 
investigation which cuts across the disciplines of psychology and 
neurology and, to some extent, other related fields, such as physiology, 
anatomy, biochemistry, and biophysics. Primarily it attempts to 
study behavior in relation to some aspect of nervous processes. This 
may be done in the course of development of the nervous system, on 
occasions when the nervous system is delimited by pathology or special 
operative techniques, by stimulation of selected parts of the nervous 
system, and by electrical recording techniques which serve as ^distening 
posts” along nervous pathways. 

The objectives of neuropsychology, like those of psychology, are a 
better understanding of behavioral processes, so that ultimately the 
prediction and control of behavior may be advanced. Psychological 
experiment is concerned with responses or behavioral changes which 
may be correlated with specific stimulus variables or stimulus situa- 
tions. With certain variables eliminated, held constant, or otherwise 
controlled, the reactions of the organism may be said to be a function 
of the independent or experimental variable. Neuropsychology is 
concerned with certain intervening variables, as well as with the 
external stimulus variables, i.e., with the part played by the nervous 
system in mediating and influencing the responses of the organism 
to its environment. 

There are certain properties of the nervous system which are essen- 
tially intrinsic to it, and the extent to which they may be modified 
by the environment, either external or internal, is not fully known. It 
is known that the internal milieu may temporarily change some of 
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the properties. What are these properties? Irritability, excitability, 
conductivity, summation, facilitation, inhibition are some, and there 
are others. These, together with the effects of the internal environ- 
ment upon them, constitute what has here been called intervening 
variables. 

One might ask how the nervous system can be modified or dealt 
with in order to observe its effects upon response. One way is to 
observe the effects of stimulation on response before the nervous 
system has developed completely and assumed its full integrative 
functions. This may be done during the prenatal or embryonic period. 
Another w^ay is to delimit the nervous system by removing, or other- 
wise reducing the action of, selected parts of it. This may be done 
by operative removal, the use of drugs, and by other means. Still 
another method is to stimulate parts of the nervous system electrically 
or chemically, or to “tune in on” or record electrically from parts of 
it while its total function is unimpaired. Finally, generalized or 
specific stress may be imposed on the nervous system or parts of it 
by varying its metabolic functions or by interfering with homeostatic 
mechanisms which tend to maintain its environment in stable 
equilibrium. 

In the subsequent sections of this chapter the methods of studying 
behavior in relation to the nervous system will be discussed. The 
three areas which have been selected, from among others, as samples 
include the embryology of behavior: changes in behavior with devel- 
opment of the nervous system; the internal environment: stresses 
imposed upon the nervous system by modifications in the internal 
milieu; and cortical functions: stimulation of, delimitation of, and 
selective recording from, parts of the central nervous system. 

Other important areas of investigation w'hose methods might have 
been described in this chapter are concerned with the electrical record- 
ing of sensory- and motor-nerve discharges. Recently, for example, 
successful techniques for recording electrical potentials from single 
nerve fibers in auditory [25] and optic [31] tracts have been described. 
These and similar techniques developed for cutaneous nerves permit 
analysis of receptor response in terms of the smallest functional 
unit of the sensory system; single motor unit responses or the electrical 
responses from single motor-nerve fibers permit a similar analysis on 
the motor or effector side of the reflex arc. Many of the techniques 
and the results of such studies are to be found in books by Adrian [1], 
Erlanger and Gasser [22], Stevens and Davis [63], and Bartley 
[4], as well as in other sections of this book (see Chapters 8, 10 
and 11). 
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THE EMBRYOLOGY OF BEHAVIOR 

The purpose of studying the beginnings of behavior might be con- 
sidered to be three-fold: (1) To deteinnine the manner in which sensory 
and motor functions develop and are combined in integrated behavior. 
This aim is concerned with the time of onset, the conditions of onset, 
and the nature of the earliest patterns of behavior. (2) To determine 
the relationships between development and differentiation of body 
structures and the progressive elaboration of the higher nervous 
centers. These relationships bear on the organizing influences wdthin 
the organism and the levels of integration effected by the nervous 
system. (3) To obtain a better understanding of the nature of the 
earliest and simplest modifications of behavior in terms of environ- 
mental factors, including external and internal stimulation and the 
influence of physiological regulating mechanisms. This third kind of 
information should throw light upon inherited tendencies, maturational 
influences, and learning processes. 

Just as we seek an understanding of the behavioral ineclianisms of 
the human adult through genetic probing of simpler processes in tlie 
infant and child, it is reasonable to expect that prenatal stages of 
development may reveal basic facts concerning the manner in which 
form and function are differentiated from an initially homogeneous 
mass of protoplasm, the way in which primary needs of the organism 
develop, and the conditions of modifiability and adjustment to an 
ever-changing environment. Are not these the kinds of information 
we need for understanding and controlling the growth and develop- 
ment of the organism and for gaining insight into the progressive 
complexities of behavior, including the processes of perception, emo- 
tion, motivation, learning, thinking, and the like? 

Four methods of securing information on fetal activity and reaction 
to stimulation wall be described. The first is ei, direct j extrauterine 
approach and includes premature and Caesarean births in humans 
and experimental hysterotomies (incision of abdominal wall and 
uterus) in animals. The other three may be labelled intrauterine 
techrdgues^ since they do not interfere in any way with the fetal- 
maternal relationship, do not involve harmful operative procedures, 
and leave the fetus intact throughout the period of gestation. 

Extrauterine Methods of Direct Stimulation and Observation of the 

Human Fetus 

If birth of a human fetus is spontaneous but premature, or if a 
pregnancy must be terminated by abortion or Caesarean section, the 
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chances are that pathological abnormality exists in the fetus, the 
mother, or both, and that the physiological environment and hormonal 
influences have had a detrimental influence upon the fetus. In any 
event the fetus is not a reliable subject for experimental test of normal 
developmental functions. Furthermore, the human fetus born more 
than 4 months prematurely is ill-prepared to cope with the external 
environment and usually succumbs. Thus, even though a fetus may 
be removed with the placental membrane and is immediately placed 
in a suitable bath of physiological saline kept at an appropriate 
temperature, any observations of behavior or reactions to stimulation 
must be cpialified as being subject to the influence of asphyxia, accu- 
mulation of carbon dioxide, and other metabolites. These factors, 
depending upon their nature, may operate to diminish or increase 
muscle and nerve excitability, as well as general reactivity. 

Consequently the cxtrauterinc observation of human fetuses cannot 
be considered a reliable index of sensory-motor functions and inte- 
gration of behavior according to a time schedule. Positive reactions, 
at least so far as reflexes arc concerned, arc better indicators than are 
negative ones, since it may be inferred that a reflex response would not 
occur consistently in the absence of the necessary receptors, nerve 
pathways, and effectors. Also from such fetuses much can be learned 
about the structure and differentiation of body parts, the direct 
responses of muscle to stimulation before innervation, the response 
to stimulation of receptors through reflex channels, and spontaneous 
activity. For much of our information about human fetal activity 
and responsiveness wc are indebted to Minkowski (see Carmichael 
[13] and Windlc [65]), whose observations of specimens removed by 
Caesarean section extend from the embryonic period at about 5 weeks 
to the end of the gestation period. 

Minkowski’s technique consisted of removing the fetuses by 
Caesarean section, often under local anesthesia, in order to prevent 
the transmission of effects of a general anesthesia from the mother 
to the fetus. The fetus was removed with the placental membranes 
and amniotic sac intact and was immediately placed in a solution 
of physiological saline at body temperature. Observations of “spon- 
taneous’' activity, response to sensory stimulation with blunt and 
sharp ])robes over various body areas, and electrical stimulation of 
muscles by direct (galvanic) and alternating (faradic) current consti- 
tuted the usual procedures. In some of the younger fetuses, when 
it was obvious that they would not survive, transections of the central 
nervous system at different levels were made. The results of studies 
on human fetuses by Minkowski and others have been carefully 
described in chronological and growth sequence by Carmichael [10]. 
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One might ask why, in Caesarean births, it is not possible to leave the 
fetus attached to maternal membranes and its source of metabolic 
exchange and to make observations through the incised uterus and the 
amniotic sac, or to remove the fetus still attached to the iiiiibilical 
cord. In either case the necessity of closure of the uterine and 
abdominal incisions in order to forestall hemorrhage and otherwise 
protect the mother is imperative. Furthermore, the conditions would 
undoubtedly demand general anesthesia for the mother, which in itself 
would invalidate fetal observations. 


Extrauterioe Studies of the Animal Fetus 

Whereas one cannot gamble with human life by taking undue 
chances with the mother at time of Caesarean operation, greater risks 
may be taken with animals at time of hysterotomy. As a consequence 
much of our knowledge of fetal reactivity has come from this source. 
According to Windle [65], even with the greater liberties allowed in 
animal experimentation, there are several factors which must be 
considered in selecting an animal for embryologic study of behavioral 
development, especially if the results are to be related to behavior in 
the human species at a corresponding age. 

First, there is the matter of the normal physiology of the uterus 
and placenta, i.e., the degree of intimacy between fetal and maternal 
tissues. The number of tissues separating fetal blood from maternal 
blood and the efficiency of transmission of metabolites through these 
membranes vary widely among mammals. Whereas there are several 
intervening tissue layers in marsupials (opossum), with relative 
inefficiency of transmission, there is a single endothelial layer in 
rodents, e.g., rat, guinea pig, and rabbit, with the greatest intimacy 
of fetal-maternal relationship and with efficiency of transmission 
apparently higher than that in man. Histologically and physiologi- 
cally the increasing order of simplicity or intimacy of relationship and 
efficiency of transmission is horse and swine, cattle and sheep, cat and 
dog, man and monkey, and rabbit, guinea pig, and rat. 

A second qualification in the selection of the species for experi- 
mentation is that the rate of embryonic growth and development must 
not be so rapid as to obscure stages of functional development. Dura- 
tion of gestation ranges from 13 days in the opossum to 21 days in the 
rat, 63 days in the dog, 68 days in the guinea pig, 24 weeks in the 
monkey, 38 weeks in man, and 48 weeks in the horse. Thirdly, differ- 
ences in fetal structure do not always permit complete comparison of 
all functional possibilities; e.g., hoofed animals do not present hand 
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and foot reflexes. Fourth, the size of the fetus may be an important 
factor; the very small fetus of the rat in the early stages does not 
permit readily the stimulation and observation of response. Finally, 
if one ^s interest is in growth and development of the fetus in relation 
to endocrine and hormonal influences transmitted through the mother, 
or in dietary factors, the permeability of the placental membranes 
must be considered. With these cautions in mind the experimental 
animal may be chosen to suit the particular problem or condition to 
be investigated. 

Windle [65] also emphasizes that in the selection of the experi- 
mental method care should be taken to interfere as little as possible 
with the maternal-fetal relationship. Thus, in immobilizing and 
rendering the mother free of pain during hysterotomy, one has to 
choose among a general anesthesia, local anesthesia, spinal transection, 
and anemic decerebration. All things considered, the anemic-decere- 
bration procedure is to be preferred. This involves tying off the 
carotid and basilar arteries wdiich supply the brain, thus immobilizing 
and desensitizing the mother, but necessitating artificial respiration 
through a cannula inserted in the trachea. One final caution pertains 
to operative procedures: opening the uterus may so modify pressure 
relationships that normal placental interchange may be disrupted, 
and the effects of operative shock in the mother may be transmitted 
to the fetus. 

In view of this somewhat forbidding list of precautions the tech- 
niques employed in embryologic studies of living fetuses should be 
scrutinized most carefully before accepting results and interpretations. 
No amount of care in the making of observations will correct for 
artifacts or spurious behavioral manifestations induced through faulty 
techniques or oversight in setting the stage for the observations. 

Carmichael [11] developed a technique which seems to satisfy many 
of the foregoing requirements and also provides refinement in observa- 
tion through the medium of continuous motion pictures. The animal 
selected was the guinea pig. The age of the fetuses was carefully 
determined with reference to the time of insemination, which is known 
as copulation age. Spinal transection was used to immobilize and 
desensitize, after hysterotomy had been performed under deep ether 
anesthesia. After sufficient time for the anesthesia to wear off, the 
animal was placed in a bath of physiological saline at 37.5 degrees 
centigrade, and the fetuses were shelled out of the uterus into an 
illuminated bath. With the aid of magnification, motion pictures 
were taken of the spontaneous and stimulus-induced behavior of the 
fetuses. Carmichael and his collaborators have published a series of 
studies which provide a complete repertory of the behavior and 



responsiveness to a variety of stimuli for the fetal guinea pig from its 
earliest mobility (25 days copulation age) to the end of the normal 
gestation period. These investigations, as well as those of other 
workers, have been summarized by Carmichael [10, 12, 13]. Other 
important sources of information on studies of fetal behavior in 
mammals may be found in publications by Barcroft [3], Hooker [35, 
36], and Windle [65] and in the numerous research reports by these 
men and their associates. The work of Coghill [16] on amphibian 
embryos, especially in Amblystoma, was a tremendous impetus to 
studies of embryologic behavior, and both he and Carmichael [12] 
have stressed the importance to psychology of such studies for a better 
understanding of behavioral development. 


Intrauterine Recording of Electrical Activity in the Fetus 

There has long been a need for objective indicators of human fetal 
activity which can be applied in normal pregnancies without harmful 
effects to the mother or fetus and wuthout disturbing the fetal-maternal 
relationship. Two such measures of physiologic activity in the fetus 
in utero have been described by Lindsley [46]. These measures are 
the fetal electrocardiogram (EKG) , providing a measure of heart rate, 
and the fetal electroencephalogram (EEG) , which furnishes a measure 
of cortical activity. 

It has long been known that the fetal heart begins to beat as early 
as the third week of pregnancy, before it has received its nerve supply, 
so that the rhythmic beat is presumed to be myogenic rather than 
neurogenic in the early stages. By the fourth or fifth month the heart 
beat can be detected by means of a stethoscope applied to the abdomi- 
nal wall of the mother. One of the first to attempt to record the fetal 
EKG in utero was Sachs [55], a German investigator, who thought 
he was successful, but whose records strongly suggest that he was 
misled by muscle action potentials from the abdominal wall. Later 
Maekawa and Toyoshima [49] and Geiger et al. [27] were successful 
in their attempts. The technique employed by Lindsley [46] not 
only provided very clear records of the fetal EKG but allowed for 
differential recording of maternal and fetal EKG’s or simultaneous 
records of both. , 

Fetal electrocardiogram. The magnitude of the fetal heart 
potential recorded through the abdominal wall of the mother is of the 
order of 50 to 100 microvolts (millionths of a volt) , so that high ampli- 
fication is necessary. Lindsley used a sensitive amplifier arrange- 
ment and both a mirror-type oscillograph for photographic records 
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and a four-pen inkwrifcing oscillograph, which traced the records on 
paper tape. Figure 1 shows a typical record obtained by means of 
the mirror-type oscillograph, with electrodes attached to the abdominal 
wall of the mother. Both the maternal (m) and fetal (/) heart poten- 
tials appear in the record; the maternal heart rate averages about 
72 beats per minute, whereas the fetal heart rate is about 150 beats 
per minute. For this particular record the electrodes were about 
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Fig. 1. Maternal (m) and fetal (f) electrocardiogram records obtained 
from the wall of the abdomen of the mother during the fifth month of pregnancy. 

7 centimeters apart and just below the umbilicus or navel. The record 
was obtained during the fifth month of pregnancy, or 125 days before 
full“term delivery. 

Electrodes, consisting of small silver disks, were attached by means 
of collodion or adhesive tape to various points on the maternal abdo- 
men. An electrode paste served as the electrolyte between the elec- 
trode and the skin. Some of the electrode positions are showm in Fig. 
2 on the diagram of the maternal abdomen. Usually some preliminary 
experimentation in the placing of the electrodes is required in order 
to find the most favorable spot for recording potentials created by 
the fetal heart beat. The optimal location varies, depending upon 
the position of the fetus at any given moment. Although it may be 
desirable to have the maternal heart potential appear in the same 
record as the fetal EKG, the greater frequency of the fetal heart beat, 
together with the greater size of the maternal EKG, may result in 
interference of patterns at times. In order to avoid this, electrodes 
may be placed fairly close together, preferably only 2 or 3 inches 
apart. If tlie further precaution is taken to orient the electrodes along 
the midline below the umbilicus, the maternal EKG may be eliminated 
entirely or bo greatly reduced in size. Various tests have demon- 
strated that a superior method of recording consists of placing one 
electrode just below the umbilicus (point y in diagram) and the other 
at ]M)mt X on the right thigh. This procedure frequently provides a 
gt)od fetal EKG without the often troublesome maternal EKG 
accompaniment. 

For experimental purposes, if one wishes to study the effect of drugs, 
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fatigue, and so forth upon the maternal heart rate and also the fetal 
heart rate, through possible placental transmission of the effects, 
simultaneous tracings of both the maternal and fetal EKG’s should 
be obtained on the same record, or if multiple recording channels are 
available, single simultaneous records of each should be made. The 
effect of exercise, fatigue, emotion, and a variety of other conditions 
which might affect the mother and/or the fetus can thus be studied in 
terms of the maternal and fetal heart rate. In addition, the heart-rate 
response recorded in this objective fashion can also be used as an 
index of conditioned response. The principal types of stimuli which 




Fig. 2. Fetal and infant electroencephalograms. 


The dli 0 gram at left shows numbered electrode placement; in the four tracings on the right the 
EEG or brain waves appear, principally from electrodes 5-6, The maternal EKG appears in all 
tracings except 5-6. The bottom tracings from occipital and motor regions of the same infant 3 
weeks after birth show the presence of brain waves in the motor region which resemble closely those 
from electrodes 5-6 prenatolly. The occipital region of the newborn has no characteristic rhythm 
until about 3 months postnatally. 

may be used in connection with this effort are auditory, vestibular, 
vibratory, pressure, and tactual. Care should be taken, however, to 
insure that heart-rate change in the fetus is not secondary to actual 
movement of the fetus after stimulation, or to possible contraction of 
the abdominal wall and uterus after emotional stimulation or excite- 
ment in the mother, thus furnishing a tactual stimulus to the fetus, 
rather than a response to the auditory ^%tartlc” stimulus assumed to 
elicit the heart-rate change. Moreover, after emotional stimuli in 
response to which the mother may be aroused, the possibility of trans- 
mission of adrenin through the placental membranes should be con- 
sidered ; this occurrence would undoubtedly show a longer latency for 
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a change in fetal heart rate than would a direct response to sensory 
stimulation. 

Fetal electroencephalogkam. While recording the fetal EKG 
during the seventh and eighth months of pregnancy, Lindsley [46] 
foimd that rhythmic activity resembling brain waves in newborn 
infants appeared over certain regions of the abdominal wall of the 
mother. When a careful check of the location W'as made, it was 
found that these rhythmic potential variations were coming princi- 
pally from pairs of electrodes over a region where the fetal head 
could be palpated by finger pressure on the maternal abdomen. When 
the position of the fetal head shifted, the rhythmic brain waves shifted 
with it to the new position. As further proof that the rhythmic 
potentials were fetal brain waves, records were taken on the same 
infant shortly after birth, when it was found (bottom tracings in Fig. 
2) that the same pattern of waves could be obtained over the motor 
(precentral) region of the newborn infanFs brain. The first four 
tracings in Fig. 2 show that the rhythmic waves from the brain w^ere 
obtained only in those tracings involving electrodes 5-6 and 7-8, which 
w^ere properly oriented wdth respect to the fetal head. The maternal 
EKG appears in all records, except that coming from electrodes 5-6, 
wdiich were placed along the midline below the umbilicus. 

Wliat can be accomplished with the fetal EEG? It furnishes a 
means of determining when the cerebral rhythms first appear and 
makes possible the tracing of development of such rhythms from the 
time they first appear prenatally and on through postnatal life. The 
curve of growth of cerebral rhythms postnatally has been described 
by Smith [60] and Lindsley [45]. Correlation of the onset of cere- 
bral rhythms prenatally with histological studies of cortical develop- 
ment of fetuses of a corresponding age might be made. It is knowm 
that the motor region of the cortex in newborn infants is more com- 
pletely developed histologically than are the sensory areas of the 
cortex. The earlier onset of brain rhythms over the motor region 
thus is in agreement with this anatomical finding. Furthermore, per- 
sistent brain rhythms first appear 2 or 3 months after birth in the 
occipital region [60, 45] and appear to be correlated wdth developing 
visuo-inotor behavior. 

It is doubtful that the fetal EEG can be used as a routine measure 
because of the difficulty of picking up the brain waves unless the head 
of the fetus is favorably placed and the electrodes are immediately 
over it. For certain experimental studies, however, careful explora- 
tion with different electrode positions and possibly the manipulation 
of the fetus into an appropriate position would make recording of the 
fetal EEG possible. 


Intrauterine Observations of Fetal Activity 

Another method of studying- at least the gross behavior of the fetus 
is to observe the actual movements. This can be done in several 
ways. The movements can be observed jitwroscopically^ but this can 
be done only for short periods of time because of the danger of harming 
the fetus or the mother by X-rays. Movements can be detected by 
listening with a stethoscope, but it is uncertain that all movements 
can be observed, and furthermore this procedure would not be very 
practical for prolonged periods of observation. Palpation or visual 
observation of the maternal abdomen can be resorted to but is subject 
to the same criticisms as the immediately preceding technique. 
Recording by means of tambours and mechanical levers has been tried 
by Sontag and Wallace [61] and Spelt [62]. The tambours -were 
arranged over different areas of the abdomen. It is doubtful whether 
movements of the fetus dhected to-ward the sides and back of the 
mother are detected by such an arrangement. Finally, a method 
which has been used successfully is the maternal report. This method, 
described by Richards et al, [54], requires that the mother report 
when she feels a movement of the fetus. 

The method of maternal report, as employed by these investigators, 
required that the mothers, in various stages of pregnancy, come to 
the laboratory at regular intervals, daily or weekly as the experiment 
necessitated. For a period of 5 or 6 hours they remained in bed 
resting, except for visits to the bathroom, and w^ere served lunch and 
were permitted to read, sew, or talk as they desired. The mother 
was made comfortable and was able to relax during the observation 
period. Two push-buttons were arranged, so that by means of one 
the mother could signal any movements or changes of position she 
made, according to a prearranged coded system for different types of 
activity; wdth the other she signalled all fetal movements that could 
be perceived. Each button activated a signal marker, which recorded 
on a polygraph A third signal marker recorded time signals in 
minutes. 

Some fetal moveziients are discrete or abrupt, whereas some are slow 
and more persistent, but no attempt w’-as made to discriminate betw^een 
them. The mother simply pressed the button when each new^ move- 
ment was felt. The records w^ere then analyzed in terms of the number 
of minutes during which, as the mother's signals indicated, the fetus 
w’-as active. The “minutes active" criterion was found to be a good 
index of the absolute number of movements (correlation .93). The 
correlation between readings of the polygraph records by tw^o separate 
analyzers was found to be ,99, indicating high reliability in the scoring 
of the records. 
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Ricliards and collaborators utilized this method to study individual 
differences in fetal activity, the peak point of fetal activity during 
the prenatal period, and the relationship between the amount of fetal ■ 
activity at its peak and the performance on infant developmental 
schedules at six months postnatally [53]. 

Method of Conditioned Response in Intrauterine Study 

Forbes and Forbes [24] reported some observations suggestive of 
fetal conditioning during the ninth month of pregnancy, when repeated 
soimds at first producing reactivity in the fetus gradually gave evi- 
dence of cessation of response or “negative adaptation.” Later, a 
few days after birth, the infant again responded with a slight body 
jerk. These observations were poorly controlled, and it was uncertain 
whether the sound or a vibratory stimulus produced the response. 
Attempts at prenatal conditioning by Ray [52] and Sontag and 
Wallace [61] were not very successful. However, vSpelt [62], work- 
ing with fetuses of 7 or 8 months, found that noise stimuli produced 
responses consistently, whereas vibratoiy stimuli did not. After 
pairing tlie two types of stimuli, the vibratory stimulus being started 
against the mother’s abdomen 5 seconds before the noise stimulus, 
response to the vibratory stimulus alone was observed within 100 
paired presentations. Spelt recorded the response of the fetus by 
means of tambours attached to the mother’s abdomen. Apparently 
no detailed report of this study has ever been made. Since even 
neonatal conditioning in infants Ifess than 2 weeks old is difficult and 
unstable, according to Wenger [64], it is still doubtful w^hether fetal 
conditioning can be established. 

One of the most profitable methods to pursue in this kind of study 
Avoiild seem to be to utilize the fetal heart rate (EKG) as a measure 
of response, and paired auditory and vibratory stimuli. Preliminary 
observations (unpublished) indicate that auditory stimuli produce a 
heart-rate change in the fetus independent of that in the mother, 
whereas vibratory stimuli do not produce a response. Thus we have 
the possibility of pairing a positive with a negative stimulus and 
objectively recording the fetal heart-rate change, if any, to the vibra- 
toiy stimulus alone after a number of pairings of the two stimuli. 

THE INTERNAL ENVIRONMENT AND BEHAVIOR 

The importance of the internal environment or the fluid matrix in 
which our life processes take place is not newly recognized. Cannon 


[7] states that Claude Bernard, more than 85 years ago, observed, 
do not live in the atmosphere that surrounds us — we are separated 
from that atmosphere by a layer of dead cells or by a film of mucus 
or a salt solution. All that is alive within these lifeless surfaces is 
immersed in the fluids of the body, the blood, and the lymph, which 
form an internal environment.” A¥hen the fluid matrix is markedly 
altered, severe dangers may arise, says Cannon, and he stresses the 
need for constancy and stability of the internal milieu. 

The human organism especially is provided with an elaborate set 
of checks and balances which regulate the internal environment. Were 
it not for these finely balanced and compensating mechanisms, life 
itself would cease. For example, an elevation of body temperature 
by 6 to 8 degrees, a reduction in blood sugar to a little less than half 
its normal value, a shift in the acid-base balance of the blood up or 
down from its slightly alkaline state, a change in the blood-calcium 
level are only a few of the departures from a condition of relative 
constancy which may result in disaster. It should be emphasized 
further that smaller changes in these and other physicochemical con- 
ditions of the fluid matrix, changes which may be well within the 
tolerance range compatible -with life, may nevertheless modify the 
receptivity and reactivity of the organism and thus affect its behavior. 
It is also recognized that psychological factors, especially emotion and 
anxiety or wuury, may affect the constancy of the internal environ- 
ment and in turn be affected by it. 


Homeostatic Mechanisms 

The condition of constancy or stability of the internal environment 
has been called homeostasis by Cannon. He points out that the equi- 
librium of the fluid matrix may be altered by both external and internal 
conditions, but, except in extremes, a balance or homeostasis tends to 
be restored. Sometimes this is accomplished quickly, as in the restora- 
tion of the blood-sugar level after exercise by calling upon glycogen 
reserves stored in the liver ; in other cases, as in acclimatization to the 
reduced oxygen supply on a high mountain range, a much longer 
period of adjustment is necessary before a new equilibrimn is 
established. 

There are a variety of 'ways in which homeostasis may be preserved, 
but the complexity of these mechanisms does not permit discussion of 
them here. It is sufficient to say that general metabolic processes are 
concerned, including the intake of food and oxygen and the elimination 
of w^aste products after chemical reactions have taken place. Among 
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tliG myriad factors upon which homeostasis depends are the amount 
and concentration of various chemical elements in the blood stream, 
the presence of hormones secreted into the blood by the ductless 
glands, the release of stored reserves, the permeability of tissue mem- 
branes and the diffusibility of certain substances in the body fluids, 
and finally the adequacy and flexibility of the two main transporting 
and communicating systems, the circulatory and the nervous. 

Cannon [8] believes that the autonomic nervous system is one of the 
prime agencies for maintaining uniformity or homeostasis in the body 
fluids. The cranial and sacral divisions, known as the parasympathetic 
system^ he believes operate only indirectly and somewhat remotely to 
assure constancy, whereas the thoracolumbar division, known as the 
sympathetic system^ acts promptly and directly to prevent serious 
changes in the internal environment. There is considerable evidence 
that these two counteracting systems, the sympathetic and parasympa- 
thetic, play a major role in preserving physiological balance or 
homeostasis. Recent evidence of the importance of the autonomic 
nervous system and its associated endocrine glands in the regulation 
of the internal environment and bodily functions has been presented 
by Cannon and Rosenblueth [9] and by Gellhorn [28]. 

The purpose of this section is to discuss some of the methods which 
have been used to produce changes in the internal environment in 
order to investigate the effects of such changes upon behavior and 
various psychological functions, including memory, association, learn- 
ing, reaction time, and visual acuity. The results of these studies 
cannot be reported here, except in so far as they have a hearing on the 
method of investigation employed. Reviews of many recent psycho- 
physiological studies have been presented by Shock [57, 58] . 

Changes in Blood Gases: Oxygen and Carbon Dioxide 

Both oxygen and carbon dioxide are essential in the blood in certain 
minimal amounts if a person is to live. Body cells reejuire oxygen in 
order to carry on normal metabolic processes involved in growth and 
in the utilization of food substances as energy. One of the waste 
products of metabolism is carbon dioxide, which must be constantly 
removed from the blood stream. The process by which carbon dioxide 
is thus removed and by which oxygen is obtained is respiration. As 
one breathes oxygen in the atmosphere, it enters minute air sacs or 
alveoli in the lungs, where it comes in contact with blood vessels, is 
taken up by the blood, and is transported throughout the organism by 
the arterial system. As the waste products of metabolism are formed, 
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the carbon dioxide is transported in the blood to the liingSj where it 
is released and blown off in expiration. The center controlling respira- 
tion is in the medulla at the base of the brain. Lack of oxygen affects 
this center and stimulates it to activity, but the presence of excess 
carbon dioxide in the blood is even more important in increasing respi- 
ration. With increased respiration, i.e., increased rate and depth of 
breathing, more oxygen is made available to the blood, and more 
carbon dioxide is removed. 

Anoxia refers to lack of oxygen in the body from any cause. 
Anoxemia is a more limited term referring to lack of oxygen in the 
blood; this condition may be due to factors internal as well as extemal. 
Here we shall be concerned primarily with anoxemia or anoxic anoxia, 
i.e., lack of oxygen in the blood due to external factors. Anoxemia 
may be produced by (1) interference wdth the passage of air containing 
oxygen into the lungs and thence into the blood, (2) reducing the 
partial pressure of oxygen in the inspired air, and (3) breathing air 
under reduced barometric pressure. The first of these possibilities 
is not particularly adapted to experimental w’ork; interference with 
air passage into the lungs comes about principally through accident, 
as in drowning, or in diseases which cause congestion of the lungs or 
blocking of the trachea or bronchial tubes. 

The second procedure, involving reduction in the partial pressure 
of oxygen in the inspired air, is the one most frequently employed in 
experimental work. Normally atmospheric air at sea level contains 
20.9 per cent oxygen, 79 per cent nitrogen, and a few hundredths of a 
per cent of carbon dioxide and slight traces of a few other rare gases. 
Commercial gas mixtures may be obtained with 10 per cent oxygen 
and 90 per cent nitrogen, or in any combination of reduced oxygen 
pressure desired. A 10 per cent oxygen mixture is about equivalent, 
in terms of oxygen available, to an altitude of 18,000 feet; 8 per cent 
is approximately equivalent to an altitude of 22,000 feet. Thus, by 
varying the amount of oxygen in the respired air, one can simulate at 
ground level the effects of reduced barometric pressure at altitude. 

There are several ways of controlling the amount of oxygen a sub- 
ject receives. One method is the usual basal metabolic rate (BMR) 
technique, using the BMR machine. This apparatus usually consists 
(see Fig. 3) of two cylindrical tanks, each open at one end; the bottom 
and stationary tank has a double wall which is filled with water, the 
top and movable tank is inverted and fits into the double wall of the 
bottom tank. The water thus forms a seal but allows the top tank 
to move freely up and down. When the combined tank system is 
filled with room air, the subject may breathe the air through a tube 
connected with the tank. The subject wears a mouthpiece and a nose 




clip or a snugly fitting mask which encloses both the nose and the 
mouth; this insures that all respired air comes from the tank rather 
than from the surrounding atmosphere. Two tubes from the tank are 
connected to the mouthpiece; each tube has a one-way valve, permit- 
ting the passage of air in opposite directions. When the subject 


Fig. 3. Standard BMR machine for determining basal metabolic rate. 

Tracing on drum shows normal respiration (low) and deep respiration or hyperventilation (high). 
Tube and mask are visible. When the inner can of the BMR machine is down as shown, the air supply 
is exhausted. The chain running over the pulley attaches to the pen, which writes on drum chart as 
the inner can moves up and down with respiration. The boy in this picture has electrodes attached 
to his head for recording brain waves. 

inspires, air passes from the tank through the first tube; when he 
exhales, the expired air passes through the other tube and into the 
tank, but usually it first passes through a container of soda lime, 
■which extracts the carbon dioxide. As the subject breathes, the 
inverted tank moves up and do-nm, and a pen attached to it makes a 
tracing on a revolving drum, around which is placed a special chart 
or graph.3 


^ When basal metabolic rate (BMB.) is to be deterniinod, the subject must bo 
in a so-called “basal” state; i.e., he must go without breakfast and must rest 
for one-half hour before the test is made. He then breathes pure oxygen from 
the tank, usually for two 8-minutc periods. The rate of oxygon consumption is 
determined from the gi'aph and converted to a porcontage-of-normal value. 
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In tiie course of the inspiration-expiration process the contents of 
the tank are gradually exhausted; i.e., the oxygen is utilized, whereas 
the nitrogen, which is an inert gas, is returned. Thus, if one starts 
with an oxygen level of 20.9 per cent, continued rebreathing of the 
mixture gradually reduces the oxygen to 10 per cent or lower. At 
various stages during the process samples of the air mixture may be 
withdraAvn by means of a hypodermic needle inserted through the 
rubber tube. These samples may be submitted to one of the methods 
of gas analysis in order to determine the exact oxygen composition. 
While in the course of this process of reducing the oxygen in the tank, 
the subject may be presented with various tasks or problems. One 
of the commonly employed procedures is to have the subject write 
his name. When the oxygen has been reduced sufficiently to produce 
confusion bordering on unconsciousness, the handwriting usually 
becomes illegible. Before that stage coordination is lost in varying 
degrees. 

Another procedure for reducing the oxygen tension is to start with 
a fixed gas mixture, say 10 per cent oxygen and 90 per cent nitrogen. 
Such a mixture may be breathed from a BMR machine as described 
above, although the usual procedure is to employ a larger container. 
A commonly employed container is the large rubber Douglas bag, 
which may be filled with enough gas mixture to last for a longer period 
of time. The subject is attached to the bag by means of a single 
tube, which permits intake of the gas mixture through the mask. The 
expired air is blown off into the atmosphere through a valve attached 
to the mask. With this type of procedure, using a fixed percentage 
of oxygen, an experiment may be continued for a longer period of 
time and with a constant level of reduced oxygen supply. 

The third method mentioned above, namely, reduction of barometric 
pressure, may be accomplished in three ways: (1) by ascending in an 
airplane to a high altitude, where the barometric pressure is low, (2) 
by climbing to the top of a high mountain or living at a high elevation, 
and (3) by placing the subject in a decompression chamber, where 
the pressure may be reduced to correspond to any reasonable altitude. 
Although low-pressure chambers were used before World War II, 
they were expensive and rather complicated and consequently were 
not used extensively. The many problems associated with high- 
altitude flying and wdtli sudden shifts in altitude and barometric 
pressure, as in dive-bombing, created a great demand for low-pressure 
chambers where one or more men could be enclosed during simulated 
ascent or descent. Because of the roominess of some of the larger 
chambers, various kinds of motor-performance tests, as well as other 
psychological and physiological tests, could be administered. These 
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decompression chambers usually employ a double pump arrangement 
whereby, in simulating ascent, air is pumped out faster than it is 
pumped in; for simulating descent, the reverse procedure is followed. 
In the chamber both the pressure of the air and the oxygen concentra- 
tion can be altered so as to simulate exactly the effects of high-altitude 
flying. 

Briefly, the results of oxygen-deprivation experiments indicate that 
the higher mental processes, such as memory, attention, association, 
and problem solving, are the first to be affected and show a deteriora- 
tion with relatively little reduction in oxygen concentration. Sensory 
and motor functions of a simple type are not greatly affected until the 
subject is near the point of collapse from lack of oxygen. One of the 
first functions to show a loss, even under minimal reductions in oxygen, 
is night vision. This fact led to the use of oxygen on most night 
missions at all altitudes, especially w’'hen the pilot or observer was 
depending heavily upon his night vision to identify enemy planes or 
special “blacked-out” targets. Another observation made by the 
military services is that pilots or others in a plane at an altitude 
corresponding to perhaps only 14 per cent oxygen frequently show 
signs of poor judgment or failure to take heed of signs or warnings 
which otherwise might be respected. This has frequently been the 
cause of air accidents. 

Although compensatory mechanisms begin to operate as soon as 
oxygen deficit occurs, wdth increasing loss of oxygen these homeostatic 
mechanisms soon fail to meet requirements. After unconsciousness, 
if the condition of low oxygen persists, death may ensue. Even if 
recovery occurs in time, serious damage may still have been inflicted 
upon the nervous system, w'hieh is one of the most vulnerable parts of 
the organism. With the beginning of anoxia, deeper and faster 
breathing occurs. This is called hyperpnea, or labored breathing, and 
leads to overventilation of the lungs. It is a compensatory attempt to 
supply more oxygen to the blood. Unfortunately, overventilation also 
blows off more carbon dioxide, which tends to produce acapnia, or a 
reduction of carbon dioxide tension in the blood, with attending 
symptoms of dizziness, blurring of vision, and tingling sensations in 
fingers and toes. 

C.\BBON moxiDE TENSION. The principal method of studying 
the effect of increasing the carbon dioxide tension in the blood is to 
increase the carbon dioxide content of the inspired air. This can be 
done by one of the methods described above for oxygen; i.e. a com- 
mercial mixture of 5 per cent carbon dioxide, or some lower fraction, 
mixed with the normal atmospheric content of oxygen and a lower 
than normal percentage of nitrogen, may be used, either in a BMR 


machine or in a Douglas bag. In order to reduce the carbon dioxide 
content of the blood one may have a subject overbreatlie or hyper- 
A^entilate, i.e., breathe deeply and at a rate faster than normal for 
a period of 3 to 5 minutes. With good, deep breathing the average 
person is apt to feel a little light-headed and possibly have some 
tingling in the fingers and toes at the end of 3 minutes. Depending 
upon the amount of overventilation of the lungs, with consequent 
greater loss of carbon dioxide, some persons may lose consciousness 
after 5 minutes or more of deep breathing. Patients susceptible to 
convulsive seizures, particularly of the petit mal type, frecpiently have 
a seizure after less than a minute of deep breathing. Consequently 
it is evident that a change in the acid-base balance has occurred, and 
this can be confirmed by taking samples of blood from arteries and 
veins. With loss of carbon dioxide through overventilation the pH or 
hydrogen-ion concentration of the blood shifts further toward the 
alkaline side. 

A study that illustrates a special compensatory or homeostatic 
mechanism serving to protect the brain from undue shifts in carbon 
dioxide and oxygen content of the blood has been reported by Gibbs 
et al, [30]. Before, during, and after overventilation they took 
samples of blood from the arterial system and the internal jugular 
vein as it leaves the brain. The arterial blood in these human 
subjects showed a marked decrease in carbon dioxide content during 
hyperventilation, as was expected, but the internal jugular blood com- 
ing from the brain maintained relative constancy. The investigators 
interpret this to mean that with loss of carbon dioxide in the arterial 
system the cerebral blood vessels constrict in an effort to preserve 
carbon dioxide and oxygen content in the brain. When this mech- 
anism fails, in the face of persistent loss of carbon dioxide, abnor- 
malities in the brain waves or electrical potentials from the brain tend 
to occur, and convulsions, especially in susceptible individuals, may 
supervene. This suggests that, when homeostatic control in the brain 
is lost, abnormal function may occur. 

Blood Chemistry; Sugar, Calcium, etc. 

The brain derives its energy from carbohydrate metabolism, i.e., the 
oxidation of blood sugars. Consequently the amount of sugar in the 
blood is critical for normal brain function. Normally the blood-sugar 
level ranges from 70 to 120 milligrams per 100 cubic centimeters of 
blood. If it falls below the lower limit, the condition is called hypogly- 
cemia; if it rises above the upper limit, the condition is called hypergly- 
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cemia. With excessive increases or decreases beyond the limits given, 
serious symptoms develop. It is well known that a diabetic patient, 
without insulin, will suffer intensely after a meal heavy in carbohy- 
drates, will become confused and incoordinated and, in some instances, 
comatose. Similarly after prolonged fasting or in diseases which lower 
the blood-sugar level, thus producing a condition of hypoglycemia, a 
series of symptoms occur. Cortical functions are affected first, with 
loss of association, memory, and ability to perform problems; later sen- 
sation and perception may be affected, and speech disturbances may 
occur. Finally, in marked reduction of sugar-level, convulsions, stupor, 
and even death may ensue. Normally, during the course of the day, 
there are fluctuations in the sugar level, the highest levels occurring 
after a meal, the lowest before a meal. Unlike oxygen, of which there 
are no reserves in the blood, there are sources of energy reserves in the 
body, the liver being the principal one. 

There is comparatively little evidence on the effects of variations 
in blood-sugar level on mental performance or other psychological 
processes. This should be a profitable area of investigation, since 
there are undoubtedly diurnal variations within the normal sugar- 
tolerance level, which may well be related to fluctuations in efficiency 
during the day. In addition, there may be individuals whose sugar 
level is consistently on the low side or high side of the normal range, 
with consequent variations in psychological efficiency. 

The principal methods or times of studying hypoglycemia, or low 
blood sugar, are three: (1) after a period of fasting or during the 
course of a diet low in carbohydrates, (2) after insulin injections, as 
in an insulin-tolerance test, and (3) in chronically hypoglycemic indi- 
viduals. Because of the possible danger involved in such studies they 
should be conducted only under competent medical supervision. In any 
of the procedures, samples of blood may be taken at suitable intervals 
for the analysis of blood sugar by one or more of several methods avail- 
able. In the first procedure mentioned above, the sugar level may be 
increased by fecxling carbohydrates; or, if an immediate increase in 
sugar level is desired, glucose may be injected intravenously. Psycho- 
logical tests and measures may be administered during control periods, 
when sugar level is within normal limits, and during experimental 
periods, when the level is reduced. Hyperglycemia, or excess sugar in 
the blood, may be produced by injections of glucose or by a diet high 
in carbohydrates. 

A study which may reveal significant information of this type was 
conducted at the University of Minnesota. During World War II a 
sizable group of conscientious objectors volunteered for the experi- 
ments, which involved prolonged periods of semistarvation during 
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which psychological, physiological, biochemical, and clinical observa- 
tions were made [6]. 

Very little is known about the possible effects of varying the inor- 
ganic constituents of the blood stream, such as calcium, potassium, 
and phosphorus, except from clinical observations which in general 
have not included objective psychological evaluations. Studies of this 
type should be made in a controlled medical environment where com- 
plete blood analyses are available for correlation with psychological 
test results. Experimental variation of these constituents of the 
blood stream may be accomplished through diet and injections, as 
described above for blood-sugar level. 

Other factors associated with the internal environment which might 
be studied profitably with reference to behavioral changes and special 
psychological functions are basal metabolism, water balance, body 
temperature, vitamin deficiency, and the extensive and complicated 
ramifications of hormonal secretion by the endocrine glands. Experi- 
ments of this type would seem best to be undertaken in collaboration 
with physicians in a general hospital, where there is constant medical 
supervision and adequate dietary and biochemical control. 


CORTICAL FUNCTIONS AND BEHAVIOR 

The central nervous system consists of the spinal cord and the 
brain; the brain is enclosed within the skull cavity, and the spinal 
cord within the spinal column. All incoming and outgoing impulses, 
except those in the cranial nerves, are transmitted to and from the 
brain via the spinal cord. The spinal cord becomes continuous with 
the brain at the base of the skull, where it expands into the medulla, 
pons, midbrain, and other portions of the “brain stem,” including the 
thalamus, hypothalamus, and subcortical motor centers. If a skull 
is split fore and aft and the two halves opened like the shell of an 
English walnut, one can see two large, convoluted hemispheres; con- 
necting the cerebral hemispheres is a broad band of fibers known as 
the corpus callosum. On the bottom surface of the cerebral hemi- 
spheres and almost surrounded by them is the “brain stem.” Under 
the posterior portion of the hemispheres lies the cerebellum. See 
Fig. 4. 

We are here concerned, not with the brain as a whole, but rather 
with the so-called gray mantle which completely envelops each hemi- 
sphere. This is called the cerebral cortex. Although the cortex is 
only a few millimeters thick, it has a greater surface area than is 
generally supposed because of its infolding grooves or sulci and out- 
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folding gyri, and it contains thousands of brain cells and their 
ramifications. Immediately beneath the cortex are numerous nerve 
pathways interconnecting different parts o1 it, and many descending 
and ascending pathways connecting lower centers and the periphery 



Fig. 4. Brain map fitted to tradng of X-ray photo of scalp and skull. 

The priwipal lobe, ore indicated, end the number, refer to omhitectonic area, of Brodmann and 


Of the organism with the cortex. These intercommunicating pathways 
appear white and are called white matter, whereas the aggregations 
of cell bodies in the cortex and in subcortical centers have a slicrhtly 
grayish cast and are known as gray matter. Histologically six or 
more layers in the cortex of man may be differentiated by cell type 
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and structure; even in the rat, whose cortex is smooth rather than 
convoluted and is of course much simpler, there are six distinguishable 
layers. Phylogenetically, the cerebral cortex is the most recently 
developed portion of the nervous system, and in man it has attained 
its highest development. Likewise, in man it seems to be most 
vulnerable, and injury to it results in the greatest and most pervasive 
deficit. 

The importance of the cerebral cortex lies in the fact that it is an 
integrating center which manifests some degree of control over all 
lower centers of the nervous system and hence enters into the control 
of all behavior. Practically all incoming impulses reach the cortex, 
and apparently most outgoing impulses originate there. The cortex 
has both excitatory and inhibitory effects upon lower centers, as well 
as similar intracortical effects. Experimental study of the cortex has 
demonstrated that some portions are specialized for the reception of 
certain kinds of sensory impulses and therefore are designated as 
sensory regions. Among these are the occipital lobes for vision, the 
temporal lobes for audition, the parietal lobes for general bodily 
sensation, including tactile, pressure, temperature, pain, and vibratory 
sensitivity; olfaction is served by the somewhat vestigial olfactory 
lobes at the base of the brain and the inferior surface of the temporal 
lobes; the cortical ai-eas for taste are not well established but are 
probably represented in the hippocampal region of the temporal lobes. 

The frontal lobes comprise almost half the total area of the cerebral 
cortex. The posterior half of the frontal lobes is concerned with the 
initiation and integration of motor activities, whereas the anterior 
half consists of association or higher integrating centers. The frontal 
portion is often referred to as the -prefrontal area and is believed to be 
associated with higher intellectual functions, especially abstract think- 
ing, memory, initiative, social inhibition, and so forth. Figure 4 
shows schematically how the lateral surface of the brain would appear 
with the right half of the skull removed. In this drawing the lobes 
and the two major fissures have been labelled; the numbers refer to 
some of the principal architectonic areas which have been differen- 
tiated histologically by Brodraann, the Vogts, and others, but should 
be considered mainly as general landmarks rather than rigidly defined 
areas. 

Although much remains to be learned about the brain, especially 
about the cortex, considerable serviceable information is available to 
the clinical neurologist, who is able, from his knowledge of neuro- 
anatomy and physiology of the brain, to determine from a series of 
symptoms presented by a patient the probable location of gross lesions 
in the brain. This is especially true of behavioral abnormalities 
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resulting from expanding lesions, such as brain tumors, abscesses, 
hematomas, and atrophy, but less true of small and relatively fixed 
areas of destruction. Much of the neurologist\s ability to localize 
depends upon liis knowledge of how a particular lesion will affect the 
reflexes and the sensory and motor capacities of his patient. Recent 
studies suggest that a fuller knowledge of the effects of lesions on 
psychological capacities, wdien measured objectively, will help to refine 
diagnosis of brain injury and defect. In addition, it should provide 
a sounder basis for understanding behavior. Many psychological phe- 
nomena exhibited by man are apparently dependent upon the cerebral 
cortex; about them we have relatively little understanding. Among 
these may be mentioned perception of various types, memory, learning, 
motor coordination and rhythm, sleep and dreams, and hypnosis. 

Scarcely more than one hundred years ago the pseudo-science of 
phrenology was in full popularity, and it was not until the latter half 
of the nineteenth century that anatomical and histological studies, 
together with the beginning of experiments involving removal of brain 
tissue and electrical stimulation of different parts of the brain, began 
to provide some reasonably valid concepts of brain function. Our 
present knowledge of brain function still rests in part upon neuro- 
anatomical and neurophysiological experiments performed at the end 
of the last century. Much of the work has been repeated and extended 
with new and better techniques, but at least some of the basic concepts 
still persist. With advances in microscopy, operative teclmicpies, 
tissue-staining techniques and others, finer and finer structural analysis 
has become possible. Refinements in procedures for studying physio- 
logical phenomena have gone hand in hand with anatomical develop- 
ments, although not until relatively recently have neuroanatomists 
become somewhat functional-minded. Since the 1920’s, wdien greater 
sensitivity of amplifying and recording equipment became available 
with the development of radio, there has been great progress in the 
investigation of the functional activity of the cortex and other nervous 
structures in terms of the electrical phenomena which accompany such 
activity. Thus, in the following section an attempt will be made to 
describe some of the techniques which have provided the most recent 
information on brain function and which bid well to open new vistas 
of knowledge of mm's most highly developed and yet most elusive 
activity — cortical function, 

Corticai-stimulation Techniques 

In 1870 Fritsch and Hitzig discovered that it was possible to produce 
movements of the hind leg of a dog by stimulating an area in the 
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frontal lobe on the opposite side with a weak electrical current. Later 
Hitzig quite accurately outlined what we now recognize as the excit- 
able area of the motor cortex by stimulating a series of points on the 
exposed cortex of the dog and monkey. Although Bartholow first 
reported similar electrical excitability in the cortex of man, our most 
detailed information on the motor areas (principally areas 4 and 6; 
see Fig. 4) in man have come from electrical stimulation studies by 
Foerster [23], Penfield and Boldrey [51], and Scarff [56]. 

Elegteical stimulation. The usual procedure for stimulating 
electrically the motor cortex in animals or man is to incise the scalp 
and turn down a bone flap, exposing the cortical areas it is desired to 
stimulate. The transparent membranous coverings of the cortex, the 
dura, arachnoid, and pia, are then incised, exposing the very surface 
of the cortex; although in many instances electrical stimulation may 
be applied directly to the outer membranous covering, the dura. This 
procedure, however, is apt to lead to diffusion of the current and lack 
of discreteness of the stimulus and the resulting response. The stimu- 
lating current is delivered by means of wires attached to two elec- 
trodes. One electrode is usually attached to skin or muscle on some 
part of the incised scalp and serves only to complete the circuit through 
the animal. The “active” or “stigmatic” electrode is usually a small 
metal rod, insulated except at its tip, which may be applied directly 
to the region to be stimulated. Frequently the tip of such an elec- 
trode is covered with a small bead of cotton or has a cotton wick or 
thread attached to it which is saturated with physiological saline 
solution. This is done to provide better contact with the surface 
of the cortex as well as to prevent injury to it. 

The source of the current may be a battery or other direct-current 
supply for a galvanic current shock, or an alternating-current supply 
for a faradic current shock. The voltage and current must be properly 
controlled. A common laboratory device for electrical-stimulation 
experiments is the inductorium. This consists of two simple coils of 
wire which telescope one another, the inner coil being wound on an iron 
core. A current led into the primary coil will induce, on opening 
and closing the primary circuit, single “make” and “break” shocks. 
If it is desired to produce a series of rapidly alternating (faradic) 
shocks, the inductorium is connected in such a manner that a spring 
switch in the primary circuit is alternately drawn to and released from 
the magnetic attraction of the iron core. This interrujits the primary 
circuit at a frequency determined by the tension applied to the spring 
mechanism and induces a series, of “make-break” shocks in the sec- 
ondary circuit, which is attached to the electrodes. Ordinarily a 
stronger current must be applied in a single “make” or “break” shock 
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than when a series of rapidly repeated shocks is given, for in the latter 
case a type of summation or build-up occurs at the stimulated point. 
The current strength is usually set initially at a low value and gradu- 
ally increased until a response is just produced; i.e., a threshold- 
stimulus level is determined. Then the current may be increased 
slightly above threshold value to insure stimulation every time the 
electrode is applied to an excitable point. Thereafter various points 
over the entire cortical field under investigation may be touched 
gently with the stimulating electrode, and the response, if any, is 
observed. Care must be exercised not to stimulate different points 
on the cortex too quickly, since the effect of stimulation in one area 
may “inhibit” or “facilitate” response in an adjacent area on a sub- 
sequent trial unless 20 or 30 seconds are allowed to intervene between 
stimuli. 

If the stimulating electrode is applied to the left motor region 
(area 4) for the foreleg in the dog, for example, one may look for 
movement of some part of the foreleg on the opposite side of the body. 
If the stimulus is applied over the right motor region for the trunk, 
movement of the trunk musculature on the left side may be expected. 

Pcnfield and Boldrey [51] electrically stimulated the exposed cortex 
of human patients under local anesthesia, so that the patients could 
report their sensory experience. With both direct- and alternating- 
cuirent shocks, the region along the posterior edge of the Rolandic 
fissure was found to produce sensory experience on the opposite side 
of the body, corresponding to the cortical region stimulated. In both 
the motor area of the frontal lobe, just anterior to the Rolandic 
fissure, and the sensory area of the parietal lobe, just posterior to the 
Rolandic fissure, the organization of the excitable points began with 
the feet and legs at the top of the fissure, near the midline separating 
the two hemispheres. As the stimulating electrode was applied farther 
and farther down on the lateral surface of the cortex, the region of 
response or sensibility moved up the trunk to the neck and head. Thus 
the order of representation in the cortex is just reversed from that 
in the peripheral sense fields of the body, with excitable points on 
the cortex at the bottom of the fissure representing the head, eyes, 
and neck, and the points at the top representing the lower extremities. 
Some points were found in the parietal region which elicited motor 
responses, and some points in the frontal motor region which produced 
sensory experience, but in general the sensory area was chiefiy along 
the po.sterior margin of the Rolandic fissure and the most excitable 
motor regions were along the anterior margin of the fissure. Stimu- 
lation of area 17, the primary visual center in the occipital lobe, some- 
times produced flashes of light, according to the patient’s reports; 
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stimulation in area 22 of the temporal lobe produced “buzzing"’ sounds 
or “ringing” in the ears and sometimes dizziness and dream-like states. 

Within very recent years improvements have been made in electrical 
stimulating devices. These new stimulators make use of electronic 
circuits for generating controlled electric shocks. Wave form, current 
strength, and freciuency of electric shocks are carefully calibrated and 
can be controlled and varied readily. These characteristics are 
important, since the effectiveness of an electric stimulus depends 
upon its intensity, form, and duration. 

A unique method of presenting continuous electrical stimulation 
to a particular brain area in animals, without wires fastened to the 
animal, was developed by Loucks [48] and Chaffee and Light [14]. 
Two fine wires, insulated except at the tips, were planted in a particu- 
lar region of the brain which it was desired to stimulate. These wires 
led to a small secondary coil of wire which was insulated and implanted 
under the surface of the scalp of a monkey. A large, primary coil 
was so placed in a diagonal position across the cage of the animal 
that, wherever the monkey moved within the cage, it was in the 
electromagnetic field of this primary coil; thus a current was set up 
in the secondary coil and produced a continuous source of electrical 
stimulation at the electrodes in the brain. The animal was free to 
move about and was not subject to the possibility of infection, as 
might well have occurred with wires extending from an open wound. 

One of the difficulties with electrical stimulation of the cortex is 
that we know comparatively little about the manner in which the 
electrical current excites cortical cells, how much it spreads around 
the point of application, and how deeply it extends. Despite these 
facts electrical stimulation is of great service to the neurosurgeon in 
locating regions on the surface of the cortex and has provided much 
information about the organization of the cortex, especially with 
respect to sensory and motor representation. 

Stimulation by local strychninization. Nerve tissue is highly 
sensitive to strychnine, and a weak solution of strychnine sulfate 
applied to the cortex markedly increases its excitability. Dusser de 
Barenne [17] first used the method of local strychninization to map 
the sensory cortex of the cat in 1916. Later he delimited the sensory 
cortex of the monkey by the same technique [18] . When a few square 
millimeters of filter paper soaked in a weak solution of strychnine 
sulfate is applied to the sensory area of the cortex of the cat or monkey, 
it produces marked symptoms of sensory stimulation in vaiuous parts 
of the body. For example, if it is applied to the region of the sensory 
cortex in the right hemisphere, just behind the fissure of Rolando and 
near the midline, it will produce during the next 30 minutes or so a 
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marked hypersensitivity to tactual stimulation on some portion of the 
left hind kg or foot. Frequently, without any external stimulation, 
the animal will start to scratch or bite the area of skin corresponding 
to the region of the cortex from which the sensory experience originates. 
In other words, tlie sensory ex|)erience produced by stimulating a local 
region of the sensory cortex is “projected” to the appropriate part of 
the body from which the experience would normally arise. By means 
of this procedure, then, it is possible to explore the surface of the cortex 
and note the regions of the body showing hypersensitivity to tactual 
and pain stimuli. When the strychnine is applied to a region outside 
the sensory field of the cortex, hyperesthesia and hyperalgesia are not 
detectable in any region of the body. Thus the technique enables the 
investigator to differentiate bekveen somatic sensory areas of the 
cortex and non-sensory areas. 

The local strychninization procedure has been used in conjunction 
with the electrocorticogram, wdiich will be described subsequently, to 
determine tlie interrelationship of different parts of the sensory cortex 
121, 2 1. The essence of these combined procedures is that strychnine 
api)lied to one region of the cortex produces electrical potentials in 
other regions. The records or tracings sho\v spike-like "waves, called 
strychnine “spikes” because of their sharp appearance. If region A, 
to wdaich strychnine has been applied, produces strychnine “spikes” in 
region B, but not in regions C or D, functional connections between 
regions A and B are indicated. At least, excitation in region A “fires” 
or produces “spike” potentials in region B, and the assumption is that 
nerve cell bodies in A send impulses into region B and excite it. By 
cutting the cortex between regions A and B, it can be demonstrated 
that this functional relationship is blocked. Since excitation in 
region A does not excite activity in regions C or D, it is assumed that 
there are no functional relationships, at least none conducting impulses 
from A to C or D. On the other hand, if strychnine is applied to 
C or D, it may turn out that activity is induced in A. This would 
mean that the conducting pathways between A and C or D run in only 
one direction. It thus becomes evident that by utilizing such a tech- 
nique one can map some of the multitude of interconnections between 
different parts of the cortex, and the same may be done for relationships 
between cortical and subcortical centers [20]. 

Cortical Deactivation Techniques 

One of the earliest techniques employed in studying the brain and 
its functions was used by Fkmrens in 1823. It is the method of 
ablation. 
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Ablation. The removal of cortical tissue by surgical means is 
called ablation. After exposing the brain under deep anesthesia^ 
ablation is usually accomplished by incising the margins of the cortical 
area to be removed with a scalpel and then gently scooping out the 
circumscribed brain tissue with a surgical spoon or spatula. If only 
cortical tissue is to be removed, care must be exercised not to cut too 
deeply, for the cortex in some animals may be only a millimeter or two 
in thickness. A further complication, apart from the surgical care 
wdth which the scalp and skull must be opened under a deep anesthesia, 
is the possibility of cutting cerebral blood vessels. Large vessels 
should be avoided, and care must be taken that all bleeding is stopped 
before the incision is closed. If blood seepage or hemorrhage occurs 
after the wound is closed, pressure and hematoma (blood cysts, etc.) 
may develop and the animal may not survive, or if it does its behavior 
may reflect the changes caused by increased pressure within the skull, 
rather than the effects of removal of cortical tissue. In some abla- 
tion experiments an electrical cutting knife^ utilizing high-frequency 
current, is employed, which cauterizes blood vessels as it cuts, thus 
reducing the amount of bleeding. Another device which may be used 
to destroy cortical substance is an electrocaiitery. This consists of a 
metal tip or junction offering high resistance to an electrical current 
and thus becoming almost “white hot’’ wdien the current flow-s through 
the two wires connected to the cautery. Usually such a device has a 
voltage control so that the heat may be adjusted. The cautery tips 
are made in convenient shapes for approaching the surface of the cortex. 
In all ablation techniques there is likelihood of the foiination of “scar 
tissue” along the margins of the excision. In some instances it has 
been suspected that this scar tissue serves as an irritant and thus may 
excite or inhibit cortical activity and behavior which otherwise might 
not have been affected by the ablation. 

Many psychologists have employed ablation techniques in their 
studies of animal behavior in relation to brain function. These studies 
range in subject from the effect of certain lesions on sensory and motor 
capacities to problem solving, habit formation, memory, emotionality, 
and handedness. Lashley’s wmrk with the rat is especially well 
known [44]. He established two principles with regard to the rela- 
tionship between brain tissue destroyed and habit formation and 
retention in the rat. These are known as the principle of inass action 
and the principle of equipotentiality , The former holds that the rat’s 
learned habits, especially maze-learning habits, are reduced in propor- 
tion to the amount of cortical tissue destroyed; the latter, that the 
foregoing principle is true regardless of the areas involved. Thus, in 
the rat, maze learning is related to coidical tissue in a non-specific way; 
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i.e., it is dependent upon mass or amount of tissue rather than upon 
a specific area, and in general one area may serve as well as another. 
Jacobsen [38, 39] did not find this to be true in the monkey and 
chimpanzee when tests of problem solving and memory were made 
after frontal-lobe lesions. Here apparently, with the progressive 
encephalization or corticalization of function as the phylogenetic scale 
is ascended, there is, on the one hand, a greater specialization of func- 
tion and, on the other, a greater complexity and more highly integrated 
pattern of function so far as the whole cortex is concerned. 

Laminae thermocoagulation. The method of laminar thermo- 
coagulation, which was developed by Dusser de Barenne [19], is a 
means of selectively destroying successive layers of cortical tissue from 
the surface inward. The cortex has been shown by neuroanatomists 
to consist of an exceptionally complicated network of nerve cell bodies 
and their processes. As was stated earlier, the cortex of mammals 
from rat to man is generally conceded to be composed of six histologi- 
cally differentiated layers or laminae. This differentiation is based 
on the concentration, size, and structure of nerve cells. Apart from 
the histological evidence, which in itself is by no means yet complete, 
comparatively little is known about the significance of the different 
layers. In order to investigate their functional characteristics, Dusser 
de Barenne developed the laminar thermocoagulation method. 

Briefly, this method consists of applying heat to local regions of 
the cortex in such a way that various layers of the cortex from the 
surface inward may be selectively destroyed. The device is composed 
of a small heating coil or element containing a metal rod with a base 
plate which fits against the surface of the cortex. By regulating the 
resistance in the circuit to the heating element, the temperature of 
the metal plate can be controlled. According to Dusser de Barenne, 
heating the cortex over a few square millimeters of surface to a tem- 
perature of 65 degrees centigrade for 2 seconds destroys the nerve 
cells of the two outer layers; 70 degrees for 3 or 4 seconds destroys 
four layers, and 80 degrees for 5 seconds destroys all the layers. With 
such a method it is possible to destroy one or two layers and then 
stimulate the immediately subjacent layer electrically or by appli- 
cation of strychnine. In this way the effects of stimulating different 
layers can be determined. Furthermore, this method of controlling 
depth of destruction should be useful for any of the types of experi- 
ments in which ablation techniques have been used. 

Local freezing. The reverse of the method just described for 
deactivating cortical tissue is local freezing of the cortex, described 
by Nims et al. [50]. They used two procedures: the first involved 
only a small trephine opening in the skull, through which the freezing 
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was done wdtliout interfering with the dural membrane; the second 
involved exposing a larger area of the cortex and the removal of the 
dura before the cortex was treated with cold. The freezing was done 
locally by applying a very small metal bucket containing carbon 
dioxide snow and ether, or in the more extensive areas by spraying 
with ethyl chloride. 

When brain tissue exposed to local freezing was examined micro- 
scopically, it was found that all cells and fibers were destroyed in the 
center of the exposed area, but that around the periphery of the area 
various degrees of degeneration were noted. It does not appear, there- 
fore, that this method permits discretely placed or sharply localized 
lesions. In the dog these investigators found that local freezing 
tends to produce convulsions and abnormal electrical potentials in 
surrounding areas. The mechanism of the disturbance is as yet 
unknown, but it is suspected that certain chemical changes in the 
brain tissue result from the freezing. 

Undercutting and transection. A method which has long 
been employed to demonstrate the hierarchical arrangement of levels 
of organization and integration in the nervous system is transection. 
Cutting across the spinal cord in the cervical or thoracic region in a 
spinal transection produces a paralysis and eliminates sensory impulses 
for all regions of the body supplied by nerve fibers originating in 
segments below the cut. This method has been used by Shurrager 
and Culler [59] and by Kellogg [42] in experiments on conditioning 
in the spinal dog. Transections of the nervous system may be made 
at higher levels in the brain stem, and by this means the integration of 
lower reflex levels by the higher centers has been studied. A common 
procedure in many physiological experiments, either for studying 
reflex action at that level of integration or for immobilizing and 
desensitizing the animal to pain, is decerebration^ which usually means 
transection of the neuraxis at the level of the inidbrain. With artifi- 
cial respiration such a preparation will persist for hours, making 
prolonged physiological investigations possible. Decerebration pro- 
duces extensor rigidity in antigravity muscles. When decortication is 
performed, the cerebral hemispheres, except for the brain stem and 
subcortical nuclei, are removed; this amounts to stripping off all 
cortical tissue. 

In some studies, notably one by Bartley and Bishop [5], cortical 
tissue has been isolated by undercutting and thus severing the connec- 
tions of the cortex with the subcortical areas. Sometimes cortical 
lesions are made by cuts almost encircling an area and then under- 
cutting it. This leaves a tab of cortical tissue connected to the rest 
of the cortex at only one isolated point. Such procedures are some- 
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times useful in attempting to determine liow a particular area of the 
cortex is influenced by other areas or by lower centers. 


Electrical Recording Techniques 

In 1929 Hans Berger, a German neuropsychiatrist, first reported 
that electrical potentials of rhythmical nature could be recorded from 
the surface of the scalp of human subjects. The tracings or records of 
electrical variations from the brain are called electroencephalograms. 
The potentials have been shown to arise in the cortex and are believed 
to be associated with metabolic processes. The potentials recorded 
from two electrodes attached to the scalp range from a few microvolts 
(millionths of a volt) to about 100 microvolts, depending upon the 
area and the individual In some abnormal conditions, such as 
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Ftg, 5. Electroencephalographic tracings from a normal adult subject. 


Alpha waves predominate in all brain regions, but motor and frontal regions show a mixture of 
alpha and the smaller beta waves. The strong alpha rhythm of the occipital and parietal areas 
has a frequency of about 10 per second. All tracings are normal. The brain map shows the relative 
positions of the electrodes on the scalp. 


epilepsy, the potentials during a seizure or convulsion may be several 
times the size of those in normal persons. Typically, in the normal 
individual there is a predominant rhythmic electrical activity, known 
as alpha waves or the alpha rhythm. These rhythmic waves in the 
normal adult occur at a frequency of about 10 per second, with a range 
from 8 to 12 or 13 per second in different individuals, but with a range 
of variation of only 1 or 2 cycles per second in the same individual. 
The alpha waves are most prominent over the occipital and parietal 
regions, but also occur over the temporal and frontal regions. Smaller 
and faster beta waves are found in all areas, but are usually most 
prominent in records from the frontal lobes, especially over the 
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motor areas. Figure 5 shows simultaneous tracings from four pairs 
of electrodes covering different areas of the brain. This is the record 
of a normal adult subject and shows the alpha rhythm at about 
10 per second. 

The alpha waves occur when the subject has his eyes closed or is 
in a dark rooin. When he opens his eyes or when a light is turned on, 
there is a blocking of the alpha rhythm; i.e., the waves are either 
greatly reduced in size or obliterated (see Fig. 6). Auditory stimuli 
will also block the alpha rhythm, although usually not as effectively 
and as persistently as a visual stimulus. 



Fig. 6. Alpha rhythm at about 10 per second from the occipital lobe is 
blocked by the onset of light at the arrow for the brief duration of 0.010 

second. 


The waves remain blocked for about 1 second and then return to their normal rhythm. 

The electroencephalograph, briefly referred to as the EEG, is now 
used extensively in hospitals and clinics, especially as an aid in the 
diagnosis of neurological disorders, such as epilepsy, and in the loca- 
tion of brain tumors, injuries, and so forth. Furthermore, it is a useful 
measuring instrument for detecting changes in cortical activity induced 
by drugs and other forms of therapy. The instrument has also been 
applied in the study of psychological disorders and as an indicator 
of cortical response in a variety of psychological studies. Details of 
the technique and results in these studies may be found in articles by 
Jasper [40, 41], Gibbs [29], and Lindsley [47]. 

Procedure for electroencephalogram. In recording the elec- 
troencephalogram or brain waves, as the records are sometimes called, 
small metal electrodes about 5 millimeters in diameter are fastened 
by means of collodion to the surface of the scalp over different regions 
of the head, depending upon the areas of the brain one wishes to study. 
The electrodes are usually spaced 2 or 3 inches apart. Wires lead 
from the electrodes to a switching arrangement, where any two elec- 
trodes may be made to connect with each of the amplifiers and record- 
ing instruments available. One pair oS electrodes is connected to each 
amplifier and recording system. Since the potentials coming through 
the skull and scalp are very small, they must be amplified nearly a 
million times. This requires sensitive amplifiers. The recording unit 
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may be a cathode-ray oscillograph, a mirror oscillograph, or an ink- 
writing oscillograph. The inkwriting type is most frequently used, 
since it writes directly in ink on paper tape moving at a uniform rate 
and provides an immediate record. Usually the standard electro- 
encephalographic machines, like that shown in Fig. 7, include from 


Fig. 7. Equipment for recording the electroencephalogram. 

The subject with electrodes attached to her scalp normally sits in the electrically shielded room, 
which may be darkened and is semisoundproof. The experimenter is leaning over the box contain- 
ing pre-amplifiers and switching arrangements for interconnecting different electrodes. He is ad- 
justing the inkwriting oscillograph, which writes on the paper tape. On either side of the experi- 
menter are two black boxes which contain voltage and power amplifiers. On the far right the white 
circle is the face of the cathode-ray oscillograph, which may be used to record brain waves. 

two to six amplifying and recording units, so that records may be 
obtained simultaneously from as many different areas of the brain. 

In addition to having high sensitivity, the amplifiers must have 
special characteristics suitable for recording without distortion the 
waveform and low frequencies encountered. Because of the high 
sensitivity of the amplifiers, they tend to pick up magnetic interference 
radiating from alternating-current lines, and static interference from 
motors, elevators, electric fans, and so forth. In order to reduce the 
interference the subject is placed in an electrically shielded room. 
Such a room must be completely enclosed in a conducting material, 
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e.g., copper or galvanized screening. All parts of the screened surface 
are soldered together and connected to ground, so that interference 
effects are conducted away. It is desirable, although not necessary, to 
have a room which may be darkened. The subject may sit in a chair 
or relax on a cot. During the taking of the record the subject closes 
his eyes and attempts to relax physically and mentally. 

The brain- wave records may be analyzed by counting the frequency 
or number of each different type of wave per second, measuring the 
amplitude of the waves, and determining the percentage of time that 
certain rhythms are present in the record. In addition to these 
measurable aspects of the record, there are often significant qualitative 
differences from subject to subject. There may be unusual wave 
forms, variations in the patterns of the waves, and sudden surges, 
which are characteristic of abnormal records. Swallowing, blinking, 
frowning, tension of scalp muscles, and bodily movements often pro- 
duce artifacts, and one must learn by experience how these non-cortical 
sources of potential variation affect the record. Usually such dis- 
turbances can be quickly detected, and identified by their wave form, 
sequence, and pattern, although sometimes they are not so readily 
identified. 

Electrocorticogram. Brain waves may be recorded from the 
surface of the scalp of animals by the same general technique that has 
been described above for humans. With animals, however, it is fre- 
quently desirable and possible to make localized recordings from 
specific brain areas. After the cortex is exposed by operative pro- 
cedures, electrodes may be placed directly on it. When electrical 
potentials are recorded in this way, the records are called electro- 
corticograms. The electrodes may consist of rounded metal tips 
gently applied to the cortex and held in place by a special holder, or 
of cotton wicks soaked in salt solution, which serves as an electrolyte 
or conducting medium. In some instances needle electrodes, insulated 
except at the very tip, may be inserted in the cortical tissue. The 
method of recording the potentials is the same as that described above. 

Some experimenters employ an electrode holder, which is specially 
constructed to fit the contour of the skull of a particular animal. 
This device, known as a Horsley-Clarke stereotaxic instrument ^ is so 
constructed that the electrode may be manipulated in three dimensions. 
Each dimension of movement has a scale, so that the exact coordinates 
of a point may be determined; in this way electrodes may be accu- 
rately placed, and a record kept of the points from which potentials 
were recorded. 

The electrocorticogram traces not only the ''spontaneous^' potentials, 
as in the electroencephalogram, but also evoked potentials. Evoked 
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potentials are those variations induced by sensory stimulation; i.e., 
stimulation not only blocks or reduces “spontaneous” electrical activity 
of the cortex but also produces discrete potential waves limited to the 
specific region concerned in the sensory process. This method has been 
used by Woolsey et al. [66] in mapping the sensory area of the cortex of 
the monkey. By means of a mechanical vibrator they stimulated cuta- 
neous tactile sensory endings of the skin over various regions of the 
body. While stimulating a particular region, they moved the cortical 
electrodes to different regions within the sensory area in the parietal 
lobe and recorded the “evoked” potentials. The region of maximal 
electrical response on the cortex was taken to be the primary region of 
representation of the peripherally stimulated area on the skin surface. 
In this way they were able to map the sensory cortex for tactile 
sensibility. 

Electrocorticograms may also be obtained from the exposed cortex 
of human patients at the time of operation [41]. The magnitude of 
the potentials recorded directly from the cortex is ten or more times 
greater than those recorded from the surface of the scalp; otherwise 
the jiattern of activity is very similar. According to Jasper, records 
obtained in this way arc primarily useful for research purposes. 


Neuropathology and Neurosurgery 

Two types of disruption of cortical function will be briefly described: 
(1) behavioral disturbances arising from neuropathology in the cortex, 
as a result of brain injuries, disease, circulatory failure, or brain 
tumors and other growths; (2) neurosurgical intervention where opera- 
tive removal of brain tissue is necessary, and in the recently developed 
field of psychosurgery, in which lesions of intracortical pathways are 
deliberately made in order to restore a measure of “normality” to 
mentally disturbed patients. 

Neuropathology. The clinical neurologist sees many patients 
with lesions affecting the different cortical areas. They arise from 
the various causes noted above. Unfortunately it is not always 
possible to delimit accurately, by the usual clinical neurological 
procedures, the exact site and extent of the lesion. This inability may 
he due in luirt to lack of sufficiently detailed and definitive tests of 
physiological and psychological functions, but it is also due to the 
lack of time available to study each patient intensively and over a 
prok)nged period of time. 

A further requirement is that eventually the brain of a patient, 
studied carefully with respect to deficit in psychological and physio- 
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logical adjustive functions, must also be studied postmortem by 
neurohistological techniques in order to confirm the location and 
extent of the lesion. This presents a difficulty, in that a considerable 
lapse of time may intervene between the first behavioral observations 
and the autopsy, thus preventing correlation of early symptoms with 
later objectively determined pathology. 

Despite the difficulties involved in research in this area it appears 
to be extremely important to build up a battery of psychological tests 
and measures, especially in the areas of sensation, perception, action, 
learning, memory, and similar categories, which might be routinely 
applied at regular intervals to patients suspected of having different 
types of cortical lesions. Tests of this kind should be based as far 
as possible upon techniques developed in experimental psychology. 
In addition, many of the standard tests employed in clinical psychology 
should be utilized. 

The wmrk of Head, Goldstein and Gelb, Poppelreuter, Rylander, 
Weigl, and others in this field has been outstanding. More recently 
Halstead, Hebb, Harrower-Erickson, Babcock, Shipley, Wechsler, 
Beck, Piotrowski, and others have made considerable progi-ess in 
extending the realm of psychological measurement in neuropatho- 
logical cases. The work of Halstead [32, 33, 34], utilizing procedures 
adapted from experimental psychology and psychophysiology, appears 
to be especially promising. A review of psychological studies which 
have reported changes of psychological functions associated with 
brain lesions and ablations in human patients has been presented by 
Klebanoff [43]. 

PsYCHOSUBGERY. Frontal lobotomy is the name applied to an 
operation first undertaken by Moniz in Portugal. In recent years 
many operations of this type have been performed by Freeman and 
Watts [26], who refined the operative procedure and who have 
reported considerable detail concerning the behavioral changes which 
follow the operation. In general, the operation is performed as a last 
resort in patients who are suffering from severe mental symptoms 
and maladjustment. The operation consists in the cutting of the 
conducting pathways from the anterior portion of the frontal lobes 
to other cortical and subcortical centers. An opening in the skull is 
made on either side of the head in the region of the frontal lobes. A 
blunt-edged knife is then inserted through the cortex and is made to 
describe an arc-like cut, up and down in each hemisphere. This 
severs the white matter connecting various centers of the brain with 
the frontal poles. As a result of the operation many apparently 
“hopeless” sufferers of mental ills have shown remarkable recoveries. 
The operation is by no means always successful, and although some 
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patients are improved a great deal, few are entirely “normal” The 
transition in behavior after the operation is, however, often striking 
and offers a challenging field of investigation to the psychologist. 

The frontal lobotomy should be distinguished from the frontal 
lobectomy, in which the anterior portion of the frontal lobes is actually 
removed. Lobectomy is usually performed for the removal of frontal- 
lobe tumors or abscesses but may be undertaken also in psychiatric 
cases. These operations, together with the neuropathological condi- 
tions discussed above and the various types of shock treatment 
(insulin, metrazol, and electroshock), all afford unusual opportunity 
for the clinical and experimental psychologist to apply old and to 
develop new methods of measuring behavioral changes. 

The personality and behavior changes associated with brain lesions 
and operative procedures in the brain have been surveyed by Cobb 
[15], and the methods and results of psychological investigations in 
organic and functional disorders have been critically reviewed by 
Hunt and Gofer [37]. 


SUMMARY 

One phase of neuropsychology is concerned with the embryology 
of behavior; i.e,, the earliest responsiveness of the fetus to sensory 
stimulation, the earliest motor responses, and the beginnings of pat- 
terned behavior are part of the embryology of behavior. The behavior 
and development of the neonate and infant have important fore- 
runners in the prenatal life of the fetus, and these in turn may be 
correlated with studies of the developing nervous system. In addition, 
some of the techniques for studying human fetal activity provide a 
means of measuring the possible effects of maternal health, activity, 
and environment upon fetal reactivity and development. 

Extrauterine studies of human fetuses removed prematurely must 
be interpreted with caution because of asphyxia and lack of normal 
metabolic exchange. Similar cautions are necessary in animal experi- 
mentation, but reasonably valid results should be possible if care is 
taken in selecting the animal and the type of experimental procedure. 
For studies of human fetuses in utero the fetal electrocardiogram, the 
fetal electroencephalogram, and the maternal report of fetal activity 
appear to be the most promising methods of approach. 

Normal behavior and even life itself depend upon the proper regu- 
lation of the internal environment. The chemical constitution of the 
blood and lymph, wdiieh must be maintained in a relative state of 
equilibrium or homeostasis, is dependent upon the autonomic nervous 
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system and the endocrine glands. When the internal environment 
fluctuates widely with respect to the amount of oxygen, carbon dioxide, 
sugar, calcium, and other constituents of the blood stream, serious 
behavioral aberrations, disintegration of mental processes, and other 
dire symptoms may result. Even the minimal fluctuations within 
the tolerance level may reduce the efficiency of the individual and 
modify receptivity, reactivity, and higher integrative processes. 

Some of the methods of studying behavior in relation to cortical 
function have been discussed. These include cortical stimulation^ 
cortical deactivation^ electrocortical recording, and neuropathology 
and neurosurgery. It is emphasized that there is a great need for the 
application of principles and methods of experimental psychology in 
the investigation of behavioral changes associated with modifications 
in cortical function. There should be concerted effort on the part of 
the neuroanatomist, neurophysiologist, and neuropsychologist to wort 
together and maintain a continuous correlation of their results. 
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Chapter 16 


Studying Motor Functions and 
Eff iciency 

Arthur G. 


The traditional approach to an understanding of complex behavior 
patterns, such as are involved in mental and physical work, is to 
break them down into simpler components. For example, the act of 
typing a letter can be considered a series of unique key-pressing 
responses or stimulus-response units. There is a certain amount of 
truth in assuming that, if we can discover the explanatory laws which 
apply to a single stimulus-response unit, we can explain the wdiole act 
of typing a letter. Two points, however, must not be overlooked: 
one, that a stimulus-response unit is not itself as simple a thing as 
it appears, in anything but a logical sense; and the other, that complex 
processes are more than mere aggregates of the S-jB units which com- 
pose them. Therefore, in adopting the analytical approach for 
studying motor functions, we must recognize that it is preliminary 
only, and needs to be supplemented by methods which interpret acts 
as integrated wholes. Let us first examine some of the typical 
laboratory methods of studying simple jS-JS units. 


ELEMENTARY MOTOR PATTERNS 

If the term elementary is interpreted in a developmental or genetic 
sense, then the physiologist's reflex is the model of an elementary 
reaction. It is also assumed to be relatively simple in nervous pattern, 
involving a single sensory-motor arc, although this is probably never 
strictly true in practice. Even if it could be assumed that a single 
primary arc is involved, there would still be the possibility of modi- 
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fi cation of the primary impulse by simultaneous impulses in other 
related arcSj which might weaken or reinforce the reflex. The reflex 
has the advantage, however, of being relatively free from voluntary 
control and relatively unaffected by learning. This makes it ideal 
for studying such factors as reinforcement and inhibition. The most 
accessible and easily controlled reflex for laboratory study is the knee- 
jerk or patellar-tendon reflex. It has been a standard laboratory 
method of demonstrating the quantitative influence of such factors as 
muscular set, adaptation, fatigue, emotional excitement, voluntary 
effort, and distraction ever since the classical studies of Lombard in 
1888 and Bowditch and Warren in 1890. 


The Knee-Jerk Experiment 

If the subject is seated on top of a laboratory table, so that the 
knee projects over the edge, and the lower leg is allowed to swing 
freely from the knee, a quick blow delivered to the patellar tendon 
just below the knee cap causes the lower leg to jerk forward. Since 
the vigor of the jerk varies with the strength of the blow, as well as 
with the exact point of contact, the apparatus used to deliver the blow 
must be automatic. The usual equipment includes a rubber hammer, 
suspended from an adjustable pivot above the subject’s knee, which 
can be released by a lever so as to fall with a constant force against 
a constant point on the tendon. 

The extent of the knee jerk can be measured in various ways. A 
common method is to attach a spur to the side of the subject’s foot, 
which pushes a lever equipped with a recording marker on the end. 
The marker indicates on a millimeter scale the extent of the jerk. 

To measure the I'eflex reaction time, it is necessary to record the 
time between delivery of the blow and the beginning of the knee jerk. 
This is accomplished by having the fall of the hammer operate an 
electric switch which starts a chronoscope; the kick of the foot oper- 
ates a second switch, thereby stopping the chronoscope. A simple 
automatic device for recording the time is described by Schlosbcrg 
[27]. 

Both the extent and speed of the knee jerk vary with many factors. 
Reaction times have been found to vary from 10 milliseconds to 90 
milliseconds, indicating that the slowest knee jerk is faster than the 
fastest voluntary reaction. Fatigue, sleep, and drugs retard the 
reflex, whereas general or specific tension, hunger, mental activity, 
and emotional excitement accelerate it. Extraneous stimuli occurring 
near the time of the blow may reinforce or inhibit the reflex, depending 
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on the time relations. For example, Bowditch and Warren [6] found 
that, if the subject’s fist is clenched just before the blow is delivered, 
the effect on the extent of the jerk is (a) to increase it if the blow 
follows the clench by less than 0.4 second; ib) to decrease it if the 
blow follow^s more than 0.4 second but less than 2 seconds later; (o) 
neutral, if the blow follows more than 2 seconds later. 

The chief objection to tlie physiologist’s reflex as the elementary 
unit of behavior is that it is involuntary, whereas most of the behavior 
in which we are interested is voluntary. We need a unit wdiicli repre- 
sents the simplest voluntary response. The so-called simple reaction 
is of this sort. For example, if a subject is instructed to pi'ess a key 
with his finger the instant a light is flashed on as a signal, the behavior 
can be assumed to involve the operation of a simple S-B connection 
betw^een the visual stimulus and the finger response. The objection 
could be raised that the simple reaction is not strictly voluntary, at 
least at the time it occurs, but is, instead, a prepared reflex, in which 
the subject gets set beforehand to react automatically when the signal 
is given [34, p. 305] , This distinction, however, is not very important. 


The Simple Reaction-time Experiment 

How rapidly can the average person make a specific voluntary 
reaction to a specific stimulus? On what factors does the speed of 
such a reaction depend? How wddely do persons differ in their 
reaction-time speed? To answer these ques1|ons it is necessary to 
measure with a high degree of accuracy the time betw’^een delivery of 
the stimulus and the beginning of the response movement. The unit 
of measurement used is the millisecond, or thousandth part of a 
second. The apparatus required is (a) a stimulus key, to be oper- 
ated by the experimenter, which both controls the presentation of the 
stimulus and starts the chronoscope or other timing device, so that 
these are exactly synchronized; (6) a response key, to be operated by 
the subject, which stops the chronoscope instantly; and (c) the chrono- 
scope itself, which registers in milliseconds the time between its 
starting and stopping. 

Electric controls are best, because it is essential that no time lag 
of the apparatus invalidate the human reaction-time measurement. 
The response-movement time should not be included; therefore the 
response key should be so arranged that the subject, by lifting his 
finger, can break the electric circuit. A downward movement against 
the tension of a telegraph key requires muscular effort and introduces 
an undetermined time error into the measurements. Another source. 

461 



of error is the lag in the stimulus device. Light-bulb filaments which 
are slow to warm up or sound-producing devices with a mechanical 
lag must be avoided. Of course, a constant known time lag can be 
corrected for, by subtracting from all reaction-time measurements, 
but frequent recalibration of chronoscopes against a reliable criterion 
is necessary. The essential features of the chronoscope are a gradu- 
ated arc or dial, over which moves a clock hand or pointer driven by 
a mechanical or electrical clock mechanism at a rapid rate, so that 



Fig. 1 . The reaction-time experiment. (Apparatus designed by J. Vaughn 
for Cincinnati Psychology Laboratory. ) 


a single scale unit indicates a millisecond. The pointer must bo 
capable of instantaneous starting and stopping, in order that a reaction 
time can be calculated from the difference between the two scale 
readings. 

Frequently a chronograph is used instead of a chronoscope. Accord- 
ing to this method, the stimulus and response switches operate a 
signal marker, which marks reactions on a kymograph drum. Since 
the recording paper moves at a constant rate, the distance between 
the marks can be interpreted in terms of reaction-time units. For 
very accurate work, a time line is simultaneously inscribed on the 
kymograph record by a stylus controlled by a vibrating tuning fork. 

The subject sits at one side of the table, as shown in Fig. 1, with 
his index finger resting on the reaction key. In front of him is the 
apparatus for presenting the stimulus, e.g., a light, a buzzer sound, 
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or a tactual stimulator. The experimenter sits behind a screen at 
the opposite side of the table and operates the switches controlling 
the stimulus apparatus and chronoscope. Reaction times depend on 
the readiness or alertness of the subject at the instant the stimulus 
is given; therefore it is customary to give a preparatory signal a 
short time before the stimulus. This is done by saying “Now!" or 
flashing a small pilot light. It was discovered by experiment that 
the optimal time between stimulus and signal is 2 seconds, with a 
range of 1 to 4 seconds [33]. During this interval the subject 
tenses his muscles, particularly those of the reacting hand, and 
attends closely to the stimulus. A slight difference in the speed of 
the reaction results, depending on whether the subject directs his 
attention mainly to the stimulus or mainly to the responding hand. 
The former is called the “sensorial" type; the latter, the “muscular” 
type [34, pp. 306-308]. Some subjects give quicker reactions of the 
sensorial type, some of the muscular type; but a combination of the 
two, called the “natural” type, is most satisfactory for general labora- 
tory studies. Practice in any particular type of reaction tends to 
shorten the reaction time, whereas fatigue lengthens it. The following 
are typical reaction times for different modalities : 


Sense Modality 

Reaction Time, Milliseconds 

Vision 

150-225 

Audition 

120-182 

Touch 

117-182 

Warmth 

180-240 

Cold 

150-230 

Pain 

400-1000 


When verbal reactions are called for, a special type of reaction key, 
called a voice key, is used. The subject speaks into a special type of 
microphone, and vibration of its diaphragm breaks an electric circuit 
and stops the chronoscope. 


Discrimlnatoty and Choice Reactions 

If the subject is told that the stimulus may be a red light or a green 
light and that he is to react only if it is red, his reaction time is 
lengthened considerably. If the problem is still further complicated 
by instructing the subject to react with the right hand if the light is 
red, and with the left hand if it is green, still longer reaction times 
result. Increasing the number of alternative stimuli and responses 
still further slows the reaction. A particular type of complex reaction 

46S 



is the “associative” reaction, in which the subject is instructed to 
respond with the first word which occurs to him when a stimulus word 
is presented. Since the choices are infinite, his reaction is very slow, 
from 1 to 3 or more seconds in length. Any limitation of the choices, 
such as directing the subject to respond with the opposite of the 
stimulus word, shortens his reaction time. 


Serial Reaction Time 

In actual behavior the single isolated reaction is the exception 
rather than the rule. Much more common is the serial reaction, in 
which a whole series of responses follow one another in temporal 
sequence. Often each response in the series acts as a stimulus to set 
off the next response in order. This is true of walking, typewriting, 
)>laying a piano, and many other everyday activities. Is reaction 
time longer or shorter when reactions occur in such a sequence -with 
no [lause between, and how is this time affected by factors inherent in 
the serial form of response? To answer these questions, a different 
type of reaction time experiment is used. Either the stimuli are 
presented at some arbitrary rate, or else the subject determines the 
rate himself by his speed of responding. Usually he performs under 
instructions to work as fast as possible without making errors. 

Two tyj)ieal serial tasks used in the experimental laboratory are 
tapj)ing and color naming. Tapping is performed, with a metal stylus 
held in the right hand, on a tapping board with metal contact sur- 
face, which is in electrical circuit with the stylus, so that each tap 
can be recorded kymographically or counted by an electric counter. 
A commonly used type is the Dunlap tapping board, which has two 
contact surfaces, one at each end, requiring the subject to tap alter- 
nately at opposite ends. The average reaction time can be computed 
from the number of taps delivered in a stated period of time. 

Color naming is typically performed as follows: A large card, 8 X 10 
inches, contains 10 horizontal rows of small colored squares, 10 to a 
row. The colors red, green, blue, yellow, and black are arranged in 
random sequence. The subject is instructed to name the colors in 
order, following the rows, as rapidly as he can. When the card is 
coin})leted, it is rotated 90 degrees and read again. Two more rota- 
tions of the card are possible before the identical order of colors is 
repeated, making 400 stimuli in all, so that the subject cannot 
memorize the order. The time from starting to finishing is recorded, 
and divifled by 400 to obtain the average single reaction time. 

The principles involved in the two serial reaction tasks described 
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above differ in several ways from those governing discrete single 
reactions. In the tapping performance, we can assume that the 
stimulus which initiates each tap, except the very first, is the kinaes- 
thetic-tactual sensory cue furnished by the preceding tap. In this 
respect we are dealing with a simple reaction. Instead of being given 
a warning signal and an adequate preparatory interval, however, the 
subject must execute the response before he has recovered from the 
preceding reaction. Attention cannot be maintained at a high pitch 
very long. Also there is a cumulative muscular fatigue from succes- 
sive taps, not to mention pain sensations, all of which affect the later 
reactions in the series. In the color-naming performance, we are 
dealing with the ^‘choice” type of reaction, since the subject must 
react to one of five possible colors by one of five possible verbal 
responses. However, he has a chance to glance ahead and anticipate 
whole groups of colors. His response is therefore to groups or pat- 
terns rather than to discrete stimuli. Scarcely any muscle fatigue 
is involved, but there are other cumulative factors within the central 
nervous system, and their effects may be appreciable. 


Improved Methods of Studying Serial Reactions 

An ideal apparatus for studying such a performance as color naming 
should permit the presentation of only one color at a time, so that 
grouping is minimized, while at the same time letting the subject 
control the rate of presentation to conform to his maximum speed. 
Time between each successive stimulus and response should be auto- 
matically registered, so that progressive changes in reaction time and 
other significant tendencies can be studied. For comparative pur- 
poses manual as well as verbal reactions should be provided for. The 
order of appearance of the colors should be as near chance as possible, 
with infrequent recurrence of any particular sequence. A large 
amount of trial-and-error experimentation resulted in the develop- 
ment of the apparatus shown in Fig. 2 [32]. The kind of record 
obtained from the apparatus is shown underneath the photograph. 
The distances between the short vertical marks represent reaction 
times. It can be seen that, in addition to the irregularity in reaction 
times displayed throughout, there are recurrent blocks or prolonged 
reactions at intervals which are peculiar to the serial reaction type 
of performance and which indicate some cumulative effect of repeated 
stimulation. A block can be defined arbitrarily as a reaction time 
which is twice the length of the modal reaction time prevailing during 
the minute in which the block occurs. Experimental evidence shows 
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that the frequency and length of these blocks tend to increase with 
prolonged work and with any agents which have a depressant action 
on performance, such as drugs or anoxia. On the other hand, prac- 
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Fig. 2. Color discriminator and kymogaph record. 

tice decreases their frequency and length [1], Individuals differ 
widely in the blocking tendency, from the person who shows practi- 
cally none to the one who blocks after every five or six responses. 


Facilitative and Inhibitive Sets 

One important discovery which has come out of the work on 
reaction time is that the character of the response depends very much 
upon the state of preparation of the subject at the time the stimulus 
is delivered. It has even been suggested that the response is not a 
voluntary response so much as it is a “prepared refiex,” since the 
voluntary element is entirely a matter of assuming a preparatory set, 
and that the reaction itself occurs reflexly to the stimulus. Certainly 
the difference found between the reaction time with and without a 


ready signal upholds this opinion; and the difference between the 
reaction times obtained with the “sensoriaF’ versus the ^'muscular’' 
set suggests that the preparatory state of the musculature is all- 
important. Not only is there evidence that the muscles directly used 
in the reaction become tense during the foreperiod, but also other 
muscles of the body quite remote from the reacting member show 
increase of tension [10]. When the subject is instructed to assume 
a tense attitude, reaction times are shortened. 

When voluntarily induced tension has been used with serial reaction 
times of the controlled-association type, there has been found an 
optimal degree of muscular tension which gives the quickest per- 
formance, and any increase or decrease from this optimum affects the 
rate of performance detrimentally [29]. 

There are a number of methods of studying quantitatively the 
amount of tension in muscles. Tension in the reacting hand itself 
can be determined by the pressure exerted upon the response key, 
provided this key is equipped with a device for registering it [19]. 
When the response consists of writing with pencil or stylus, a rough 
estimate of the degree of pressure can be obtained by placing several 
layers of carbon sheets and copy paper under the WTiting surface, or 
by having the subject wuite on a surface underneath which are sensi- 
tive springs and a kyniographic device for recording pressure varia- 
tions. Still another method is to use one of the various types of 
pressure stylus equipped with a pneumatic chamber or electrical 
device for transferring a record of the pressures, exerted at the stylus 
point, to a kymograph [30]. Finally, the action current method, 
mentioned in the following paragraph, is often employed. 

When the tension in muscles other than those used in I'esponding 
is being studied, somewhat different techniques for measuring tonus 
are desirable. For example, it has long been recognized that the 
amplitude of the knee jerk is a good indication of the general tension 
in body muscles, not merely that of the patellar tendon and quadri- 
ceps or thigh muscle. The more selective kinds of muscular set, 
however, may be local and actually involve reductions in tonus of 
remote muscles. To study them, it is necessary to measure directly 
the changes in the muscle itself. Three methods for this purpose 
are: (a) the resiliency meihodj (b) the deformation method, and (c) 
the action current method. The resiliency method is based on the 
fact that a muscle becomes more resilient to external pressure when 
it is tense. For example, if a rubber hammer is suspended in such 
a way as to swing through an arc against the muscle when released, 
the distance through which the hammer rebounds is roughly propor- 
tional to the tension in the muscle. The deformation method consists 




essentially in recording the movement of a lever held against the 
muscle so as to deform it. The thickening of the muscle with 
increased tension moves the lever and can be recorded kymographi- 
cally by a marker attached to the other end oi the lever. Or a small 
mirror arranged to tip with the movement of the lever can be made 
to reflect a beam of light whose amplified e.xcursions can be photo- 
graphed on moving film. The action current method has been 
described at lengtli in Chapter 14, pages 412-414. 

The application of these tension-measuring methods to human 
behavior patterns has made clear the intimate relation between sub- 
jective states of attention and volitional effort and those changes in 
muscular tension which underlie them. 


Studying Decrement in Working Muscles 

In all overt responses there is a muscular element involved, even 
though the amount of this element varies widely with the kind of 
response. In the simple reaction it is purposely reduced to a mini- 
mum, and in such serial reactions as color naming it is r<‘latively 
insignificant. An understanding of the role played by muscular 
fatigue in determining efficiency in continuous serial reactions is, 
however, essential. Therefore psychologists devised a method of 
studying this element in as simple and uncomplicated a situation as 
possible: the ergographic experiment. The most widely used type of 
t;rgograph is that invented by Mosso, which bears his name [20]. 
Its purpose is to force an isolated muscle group (the middle finger 
muscles) to work against strong resistance repeatedly until a point 
of apparent exhaustion is reached. A weight, suspended by a wire 
from a pulley projecting from the edge of a table, forms the resistance 
against which the middle finger of the subject’s hand pulls. The 
finger is equipped with a small sleeve, to which the wire is attached. 
The subject is instructed to flex his finger repeatedly to its full extent 
at intervals of 1 second until he can no longer flex it. The hand and 
arm and unused firigers are tightly bound and all backward movement 
of the elbow is blocked, so that all the strain is placed upon the finger 
itself. As the weight rises and falls, a lever attached to the wire 
moves a marker, which records kymographieally the extent of eacli 
excursion of the finger. The resistance can be increased or decreased 
by adding more units of known kilogram weight to the wire’s end or by 
removing some of them. 

The resulting record is called an ergogram. It presents certain 
common characteristics, even though every subject’s ergogram is 
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unique in form. An initial period of high efficiency is followed, 
within a few minutes, by a complete stop. That this stop does not’ 
represent total or permanent exhaustion is shown by the fact that 
a brief rest enables the subject to begin working again. If the w'eight 
is reduced, the subject can begin again immediately. Of course, the 
amount of work accomplished in such a second attempt is less than 
that done in the first, but with short rests after each exhaustion point 
the w'ork can be kept up almost indefinitely. 

The pattern of the ergogram, which w^as long considered typical for 
the fatigue of all isolated muscle groups, is one in which the excur- 
sions gradually decline in extent from the initial high level until 
they finally cease. Perhaps if the fatigue of the muscle M’ere the only 
factor involved, such a curve would really be typical. It is, ho-wever, 
a false assumption that the ergogram reflects only muscular decre- 
ment; it reflects also the decline in volitional effort and control 
exerted by the central nervous system. This is demonstrated by the 
fact that an electric current applied directly to the "exhausted” 
muscle will elicit vigorous flexions. It is because of the importance 
of the central factor that such wide individual differences occur in 
ergograms and that, as was demonstrated by Yochelson [35] for arm 
flexion, each individual seems to possess an ergogram which is charac- 
teristic of him. Some persons show an early decline followed by a 
period of virtual equilibrium before the final sudden drop occurs; 
others maintain a relatively high level almost to the end. A third 
type exliibits an initial rise followed by a gradually accelerated 
decline. 


WORK OF THE INTEGRATED ORGANISM 

Now that we have surveyed the methods used in analysing ele- 
mentary motor patterns, we are ready to consider the methods of 
studying the course of efficiency in the integrated activities of the 
entire organism, the individual at work. Earlier attempts to dis- 
tinguish between physical or muscular work, on the one hand, and 
mental work, on the other, have been given up because of ample 
demonstration that no such clear dichotomy exists. For, on the one 
hand, there is no purely muscular work which is free from the control 
of the central nervous system with its conscious voluntary component; 
and, on the other hand, there is no purely mental work carried on in 
complete independence of motor sets, reinforcing tensions, or small 
muscle activities. Equally fruitless have been attempts to distinguish 
between the energy expenditure involved in the “mental” versus the 
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''physical” component in such activities as taking a written examina- 
tion. What we really wish to study is the course of efiSciency in 
work and the factors which influence it. This calls for a definition 
of the ienm work and efficiency. 

Work is sometimes defined in terms of the product and sometimes 
in terms of the process. The physical definition of work is expressed 
in terms of the movement of a given weight (ilf ) , through a given 
distance (D), in a given time (T), but this fails to take account of 
the directing and controlling work involved even in such simple 
activities as packing chocolates. Moreover, an activity like solving 
arithmetical problems cannot be expressed in weight-moving terms 
at all. If we substitute difficulty of the task in place of weight, 
amount done in place of distance, and retain the term thne, we can 
then state that work equals difiiculty times amount divided by time. 
This still fails, however, to include the factor of control, so important 
in human work, unless we add a fourth term, quality. This gives us 
the formula: 


Work = 


Difficulty X Amount X Quality 
Time 


In measuring performance, three of these values are standardized, and 
the variations of the fourth are measured. The hardest terms to 
which to assign objective values are difficulty and quality, because 
wliat is difficult for one person is easy for another, and vice versa; 
and quality is frequently a matter of individual opinion, rortimately, 
however, absolute scaling methods are available by which difficulty 
and quality can be quantified for any given task. 

Efficiency must be thought of in terms of the economy of effort 
with which the work is performed and is therefore a '^process” concept. 
Four factors must be considered: speed, accuracy (or quality), effort, 
and satisfyingness. The first two factors, speed and accuracy, have 
sometimes been combined into a single speed-accuracy score by 
imposing a fixed time penalty for errors. Effort is measured in 
terms of the physiological energy expended, either directly or indi- 
rectly. Satisfyingness is the only subjective factor to be dealt with, 
but it is nonetheless important because of the effect it eventually 
has on the other factors. It refers to the worker’s degree of satisfac- 
tion or distress in the performance of the task and must be determined 
by some standardized introspective report. 


Studying itie Course of Efficiency in Continuous Work 

Most investigations of efficiency in work have been concerned with 
four main problems: 
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1. The efect of work on its own efficiency. This is the study of 
the changes that occur in the level of performance and efficiency in a 
particular task because of continuous work at that task. These 
changes are graphically shown in the curve of work, to be described 
presently. In all prolonged work periods a decrement eventually 
appears which is attributed to fatigue, but this is by no means the 
only effect of work upon itself. 

2. The effect of work on efficiency in other subsequent activities. 
The working organism is an integrated whole, and the effects of work 
at a given task are not confined to that task, but transfer to other 
activities in varying degree. It is important to discover the principles 
governing such transfer. 

3. The course of recovery from the effects of continuous work. 
What influence do rest periods have in bringing about recuperation 
from the effects of continuous work? 

4. The effect on the efficiency of work exerted by extraneous factors. 
How do distractions and environmental influences, physiological 
agents, suggestions, and motivational factors influence the course of 
efficiency in work? 

Each of these four problems will be taken up in succession. Each 
presents its own peculiar difficulties in eliminating uncontrolled 
variables. 

The Curve of Work 

A typical work curve is shown in Fig. 3. The abscissa scale is 
divided into equal parts of the total work period. These may be 
time units, as hours, or amount units, as pages of material to be 
typed. The ordinate is divided into accomplishment units, which 
may express quantities of material completed per hour or minutes 
taken to complete a given amount of work. When an ordinate value 
has been plotted for each successive abscissa step in the graph, it is 
possible to trace the course of efficiency throughout the work period. 
Just as in learning curves, a drop in the curve indicates a decline in 
efficiency, provided the ordinate scale represents amount units, but it 
indicates a rise in efficiency when the ordinate scale stands for time 
or effort. Conversely, a rise in the curve indicates an improvement 
in efficiency in the former c^se, but a loss in the latter. It is well 
to remember that the points on a work curve represent relative 
rather than absolute values, because there is neither a known zero 
nor a known 100 per cent efficiency. Some experimenters arbitrarily 
call the first point 100 per cent, in which case all points falling below 
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it represent less than 100 per cent and all points above it indicate 
more than 100 per cent. Some such method is necessary if work 
curves are to be compared with one another. 

\¥hen efficiency is measured in terms of performance in the major 
task itself, the method is known as the continuous 'work method. 
Wlieii it is desired to obtain a gage of the individual’s general activity 
resulting from work at the major task, however, it is customary 



Hours of work 


Fig. 3. Work curve for mental multiplication. (Drown from E. S. Robinson's 
graph in Practical Psychology, The Macmillan Co., 1926.) 

to introduce test activities at stated intervals and plot a curve showing 
the variations in performance level in these test activities. For 
example, if the major task is working problems in addition, the test 
activity might be measuring the subject's strength of grip. A test 
of his dynamometer grip might be interpolated every 15 minutes 
during the addition wwk. There is a falacious assumption involved 
in this method, i.e., that the effects of work are general for the whole 
organism and can therefore be measured just as well in activities 
extraneous to the major task as in the major task itself. The experi- 
mental evidence shows that such effects as fatigue are more specific. 
Nevertheless, this method, which is known as the interpolated task 
method, is widely used. Some of the test activities used are described 
below: 

1. Strength of grip, measured by a hand dynamometer graduated 
in kilograms or pounds. 

2. Physical endurance, measured by obtaining an ergogram. 

3. Motor speed, indicated by the rate of tapping on a tapping board. 




4. Muscular precision and steadiness, measured by an instrument 
such as is depicted in Fig. 1 on page 394. In this method a pointed 
metal stylus is thrust repeatedly into each of the holes in the upright 
plate. If the subject touches the sides of the hole, the contact oper- 
ates an electric counter, recording an error against him. His score is 
the number of errors. 

5. Reaction time; simple, choice, or associative. 

6. Tests of specific mental functions, as immediate memory, atten- 
tion, perceptual speed, judgment, reasoning, and control of imagery. 


Measures of Organic State 

If the criterion of efficiency used is the amount of effort required 
to do a given amount of work, there must be some measure, in physio- 
logical terms, of effort expended. We mentioned previously that 
some investigators have considered the tension in body muscles to be 
an index of effort and have used one of the tension-measuring 
methods described on page 467 to estimate the degree. The safest 
index of the amount of energy used by the organism, however, is the 
metabolic rate. This is studied in one of two ways: (1) by measuring 
changes in the physiological processes, such as breathing, heart or 
pulse rate, blood pressure, blood volume, temperature, or the psycho- 
galvanic reflex; or (2) by analysing the products of metabolism, as 
carbon dioxide in the expired air or oxygen consumed or the ratio 
between the two, called the respiratory quotient, or by analysing the 
blood and urine for changes in carbon dioxide content, sugar level, 
alkali reserve, etc. 

The techniques for measuring the physiological processes are simple 
and can be used in any laboratory. Continuous kymographic records 
can be obtained through the use of tambour-controlled markers. An 
apparatus called the Harrow behavior-research photopolygraph com- 
bines most of these measures in a continuous photographic record. 

Analysis of the products of metabolism, on the contrary, requires 
chemical techniques for which special skills arc necessary. The 
method most commonly employed is respiratory calorimetry. The 
oxygen intake, rate of oxygen consumption, and carbon dioxide 
elimination are determined through chemical analysis of the expired 
air. Probably the best single index is the oxygen-consumption rate, 
since carbon dioxide elimination varies with the strength of breathing 
and may not indicate the rate of carbon dioxide production at the 
time. When respiratory calorimetry is being studied, the subject 
must wear a face mask or helmet for controlling the oxygen intake, 
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and expired air must be collected in bags and chemically analysed. 
The effect of the work is shown in the percentage increase over the 
resting metabolic rate. Experimental results obtained from applying 
this method to the study of work efficiency indicate that, when the 
muscular component of the work is large, there is a rather close 
relation between energy consumption and objective output; but in 
predominantly intellectual work the energy requirement is small, and 
the relation to work output is less close. In neither case does the 
metabolic rate continue to rise cumulatively in proportion to the 
length of time the work goes on. Instead, an oxygen debt is incurred, 
which is paid back gradually after work ceases [ 26 ] . 


Measures of Satisfyingness or Feeling-tone 

The fourth criterion of the efficiency of work is its satisfyingness 
to the worker. This can be determined only by an introspective report 
from the subject as to his feeling-tone from time to time. Unstand- 
ardized introspections, however, are notoriously untrustworthy, and 
many of the problems dealt with inake it necessary to state the sub- 
ject’s feeling-tone in terms of degrees on a quantitative scale, so that 
a curve can be plotted showing improvement or decline with continuous 
work. For example, we wish to answer such questions as the 
following: 

How is feeling-tone correlated with organic state and with output? 

Can there be alterations in feeling-tone with no Cirresponding 
changes in bodily state or objective efficiency, and vice versa? 

A serious obstacle in the way of getting reliable reports of feeling- 
tone is the fact that verbal reports tend to be vague and to vary in 
meaning from person to person. When one subject reports feeling 
“very tired,” his actual state may be the same as that of another 
subject who reports “average feelings.” This makes it difficult to 
compare the feeling-tone curves of different persons or even of the 
same person at different times, but experience with other rating-scale 
cimstruction problems indicates that such difficulties can be overcome. 
The scale should have between five and seven steps, because a 
smaller number makes it too insensitive and any larger number 
requires too fine distinctions for the worker to make significantly. 
Should the scale points be represented by single words or phrases like 
“very tired,” or are long phrases or sentences better, as “the greatest 
eagerness for work I ever experienced”? Certainly the less ambiguity, 
the better. How can the scale be anchored as to zero point and 
limits? If a subject’s feeling-tone curves from different days are to 

Vth 


be combined or compared, the upper and lower limits should be fixed. 
For example, the lower limit might be described as “the greatest 
aversion I ever experienced toward beginning or continuing work,” 
and the upper limit by the. phrase quoted above. The middle of the 
scale would be “average feeling-tone.” If, however, a relative scale 
is required, then the subject’s initial feeling-tone, at the beginning 
of the particular work period, can be used as a zero, and any rise or 
fall can be given plus or minus values. How often should reports of 
feeling-tone be obtained during a work session? The subjects must 
not be interrupted too often or the continuity of work will be 
destroyed. A test can be given each 20 minutes, by having the 
w^orker make a check, on a scaled chart, opposite his feeling-tone 
level at that time. 

In general, it has been found that satisfyingness of the work, or 
feeling-tone, drops off almost from the start and declines much more 
rapidly than does output level. However, persons who show the 
greatest decline in feeling-tone also show the most loss in objective 
performance. It is possible for a rise in output to be accompanied 
by a drop in feeling-tone [22]. 


Studying the Features of the Work Curve ■ 

Students of the objective wmrk curve have described a number of 
characteristics which seem to indicate fairly constant trends. To the 
extent that these trends are universal, they probably have underlying 
causes. Among the major trends noted are (a) the general decre- 
ment, (6) warming up, (c) practice effect, (d) spurts and rhythms of 
specific sorts, and (e) blocks. Special methods have been devised for 
analysing these various trends, which will be discussed presently. 

The most constant of the above trends is the general decrement, 
which is the tendency for efficiency to fall off in the later stages of a 
prolonged work session. Although conunonly associated with the 
concept of “fatigue,” it is not necessarily identical with it, since 
fatigue has come to imply an organic breakdown. If fatigue is 
defined as Thorndike [31] suggested, i.e., as that loss of efficiency 
resulting from continuous wmrk which can be eliminated by rest, 
then fatigue and general decrement can be considered identical. But 
decrement is not always reflected in an objective drop in the work 
curve. There are other trends which may obscure it, such as practice 
ejfect. Let us examine the methods by which investigators have 
estimated the decrement in work curves. 

One method is to subtract the final level of the curve from the 
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initial level, but this procedure has the disadvantage that both these 
points are subject to wide fluctuations and are not significant of 
the trend of the curve as a whole. Similarly inadequate is tlie 
method of subtracting the lowest from the highest point in the curve, 
for a curve whose general trend is downward may show its highest 
point in tlie second lialf because of a sudden spurt. A more satisfac- 
tory method is to subtract the average level of ijerformance during 
the second half of the work period from the average level in the first 
half. If decrements in different curves are to be compared, the above 
score can be converted into a ratio by dividing by the average level 
in the first half, thus: 


Decrenierit = 


Average level in second .half -- Average level in first half 
Average level in first half 


This method is satisfactory in work curves in which practice effect 
is negligible. Ideally, of course, since work of an organism is sup- 
posed to involve the operation of perfected habits, there should be 
no practice effect to complicate the curve. Practically, however, it 
is impossible to bring habits to a point where no further improvement 
from practice occurs, before obtaining a work curve. As a result the 
improvement due to practice obscures the decrement due to work, 
and the objective curve may appear flat or may even rise. That this 
fact does not mean that no decrement has occurred can be demon- 
strated in the following way: We know that decrement disappears 
with rest, but practice effect is retained. Therefore the level of per- 
formance after a sufficient rest will indicate what the level would have 
been at the end of the work period if no decrement had been present. 
The difference between this level after rest and the level at the end 
of the previous work period gives a measure of the decrement which 
would have appeared in the objective work curve, if no practice effect 
had been present to obscure it. Hence the formula for decrement by 
this method, in the form of a ratio, is : 

r. ^ Level at rest — Level at end of work 

Decrement = = ^ 

Level at beginning of work 

This indicates the proportion of the initial efficiency which the subject 
has lost during the work period. 

Studying the principles op the decrement. Experimental 
studies using the above method of computing decrement show that it 
is almost always present in some degree, but the amount varies 
greatly. If we could say that the amount is a simple function of 
the length and difficulty of the task, as we ordinarily define difficulty, 
our problem would be solved easily. Actually, however, such a sup- 
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posedly difficult task as multiplying three-place numbers by three- 
place numbers “in one's head" produces a very gradual decline in the 
work curve, whereas an ostensibly simple task like reading off pqpqpq 
or other typed rows of letters from a card produces a steep decline 
in a short time [2]. Evidently a more analytical approaches needed 
to determine the causes of the work decrement. Tasks must be 
broken up into their stimulus-response elements, and these elements 
systematically varied. Such an analysis reveals that tasks differ in 
the following significant ■ways: (a) their continuity , the degree to 
which the units follow one another without a break; (b) their homo- 
geneity, the degree to which identical units are repeated over and over 
without introducing variations; (c) the degree of conjiict between 
units, whether they arouse antagonistic reactions; (d) the degree of 
familiarity with the task, whether the habit systems utilized have been 
thoroughly practiced; and (e) the degree of meaningfulness of the 
task, its interest value. Three of these principles, a, b, and e, charac- 
terize what is popularly knowm as monotony and account for the 
subjective state called boredom. The other tw^o, c and d, explain what 
is knowm as the complexity or difficulty feature of certain tasks [23]. 

In addition to the improvement in level of performance in work 
curves due to the practice effect, a distinctly different factor causes 
an initial rise in efficiency in many curves. It is easy to distinguish 
this effect from practice effect because it disappears wdth rest, whereas 
practice effect persists and shows up after rest. The name given to 
the second factor is warming up. It is possible to measure warming 
up quantitatively by the following method: First determine ‘Taw 
w^arming up" by finding the high point of efficiency reached at the 
peak of the early rise in the curve; then find the level of efficiency 
after a rest at the end of the work period. This latter value repre- 
sents permanent improvement. Subtract this from the raw warming 
up to obtain ^'net wwming up." The formula is 

Net warming up = Raw warming up — Level after rest 

The defect in this procedure is that practice has taken place during 
the work period subsequent to the high point at which raw warming 
up is measured. This additional practice is, of course, included in 
the level after rest. The result is an underestimation of the amount 
of net w^arming up. This, however, is not too serious, considering 
that the bulk of the practice effect takes place early in the work 
period. 

There arc certain major deviations in the work curve which, 
although not always present, occur often enough to w^arrant experi- 
mental study ; These are knowm as “spurts," or rather sudden and 
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temporary peaks of efficiency. The most important are initial spurt 
and end spurt. 

The first of these is found especially in curves obtained from homo- 
geneous work in which speed is an important factor. It occurs during 
the first few minutes of work and consists in an initial high point of 
efficiency followed by a steep drop, with a subsequent leveling off 
after 5 or 10 minutes. Investigators who have failed to obtain this 
deviation have questioned its reality, but their failure is accounted 
for by two errors in their method of computing the curve. Since 
initial spurt is so brief, it is concealed by using tasks in which either 
the units of work are too large or the increments along the base line 
too long. How could one expect to discover a spurt which lasted 
only 5 minutes, in a work curve plotted in 10-minute intervals? Yet 
the extreme importance of this initial peak and drop is shown by 
the fact that it accounts for 25-40 per cent of the total decrement in 
many curves. The explanation for the phenomenon lies in the fact 
that the worker begins the task with a reserve of energy which is 
rapidly dissipated until a stabilization point or point of equilibrium 
is found which can be maintained indefinitely. Part of this is a 
conscious readjustment by the worker to the realization that he has 
overestimated his ability at the start. Initial spurt can be computed 
by the formula 


Initial spurt = 


Initial level — Lowest level in first 10 minutes 
Initial level 


The second phenomenon, end spurt, occurs only in work curves in 
which the worker has some way of knowing when the end of the task 
period is coming, so that he can anticipate it and be stimulated by it. 
This knowledge can be gained in a variety of ways other than being 
told by the experimenter. For example, it can be learned from past 
experience with the same task situation. Thus animals sometimes 
show end spurts in their performance on a learning task in which a 
certain number of runs occurs each day. Conscious realization or 
intention need not be involved. The method of computing end spurt 
is to subtract the lowest performance level during the final 10 minutes 
of work from the final level. 

Rhythms and blocks. In addition to the spurts just described, 
other variations in efficiency occur throughout the work curve. Some 
of these are doubtless due to chance factors; but some show a tend- 
ency toward periodicity. Early attempts to relate them to some 
common underlying central energy fluctuation, such as an “attention 
wave,” were abandoned because their periodicities failed to agree with 
each other. Thus, in attending continuously to minimal sensory 
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stimuli, experimenters have found periodic fluctuations in clearness, 
but the periods vary with the sense organ involved and must there- 
fore depend on processes in the particular peripheral organs or corre- 
sponding brain centers [11]. Again, in continuous work in which the 
work units are small enough, it is possible to demonstrate a number 
of different rhythms of efficiency, varying from those with very high 
periods of a few seconds to much longer cycles of several hours’ 
duration. Perhaps even the cycles of several days’ or weeks’ dura- 
tion recently described by Hersey [12], and attributed to physio- 
logical rhythms belong in this group. The same difficulty, however, 
confronts the experimenter in studying all of them, namely, proving that 
they are true rhythms and not artifacts or chance variations. Phillpots 
[21] attempted to rationalize these rhythms by seeking a mathe- 
matical formula wdiich wmuld describe them. He concluded that they 
follow a law of ^^damping,” since there is a progressive increase in 
their length "with time. Thus he considered short and long rhythms 
to be a part of the same fundamental process. Be that as it may, the 
mathematical analysis involved is beyond the average student. 

Another phenomenon which occurs in continuous work of a Iiomo- 
geneous type may be related to the rhythms just described. It is 
the tendency for blocks, or pauses, i.e., prolonged reaction times, to 
recur at frequent intervals. These were mentioned on page 465, in 
the discussion of serial reaction time. The mental state accompany- 
ing them is one of temporary confusion, inability to respond correctly, 
or in some cases lapse of attention. If a response is attempted, it is 
likely to be an error. Frequently the block is accompanied by emo- 
tional tension because of the frustration involved. In order to have 
a standard by which to identify it, a block is arbitrarily defined as a 
reaction time which is twice the length of the modal reaction time 
prevailing during the minute of work in which the block occurs. 
The mode is used in preference to the arithmetical mean, because 
it excludes the atypical block reaction times from the computation 
of the average reaction time, whereas the arithmetic mean, if 
computed before the blocks are identified, includes them. By 
defining the block in terms of the typical reaction time for the par- 
ticular task in which it occurs, w^e permit it to vary in length from 
task to task, and from the early part of the wx)rk curve to the later 
part. For example, in tasks like color naming, in which the modal 
reaction time does not exceed a second, the block may last less than 
2 seconds, but in such tasks as solving figure analogies, in which the 
modal reaction time is several seconds, a block will be a half minute 
or more in length. 

Two major questions about blocks are these: (1) Can they be 
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shown to be real (i.e., not just extreme variations within the normal 
dispersion range of reaction times) and rhythmic or periodic in occur- 



Fig. 4. (Above) Graph showing recurrent prolonged response times, or 
blocks, in the work curve of solving figure analogies. (Below) Frequency 
distribution of reponse times from the above work curve, showing bimodality. 


rence? (2) What causes them? The first question can be answered 
statistically by plotting a frequency distribution of reaction-time 

m 




lengths for an entire work period. When this is done, as in Fig. 4, 
it is evident that the blocks do not fall into place as extreme measures 
in a normal unimodal distribution, but sometimes emerge as a second 
modal hump lying at the periphery of a J-shaped curve. To demon- 
strate periodicity, it is necessary to measure all the interblock dis- 
tances and plot a fivqueucy curve of them. If no periodicity exists, 
the frequency curve of interblock distances should show a normal or 
chance dispersion. If, on the other hand, a definite periodicity exists, 
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Fig. 5. Composite frequency diagram for color-naming, vocal and manual, 
showing multimodal distribution of interblock intervals. (From Bills [3].) 


it should emerge as a mode at some definite point along the base 
line, with a narrow range of dispersion of the measures from it. If 
more than one periodicity exists, there should be a multimodal distri- 
bution of the interblock distances, with a separate mode for each 
periodicity. Figure 5 indicates that not one, but two or possibly 
three, distinct rhythms exist which are multiples of the shortest 
rhythm [3]. 

The second question, What causes blocks? has been partially 
answered in terms of the hypothesis of cumulative refractory phase. 
Just as the sensory-neuro-motor elements involved in responding to 
a stimulus require a short recuperative period (refractory phase) 
after each response, so, in homogeneous work in which the same ele- 
ments occur repeatedly, if each response in series is forced to occur 
before complete recovery from the preceding one, a debt accumulates 
which must be paid by a prolonged refractory period, or block, at 
frequent intervals. The frequency of the blocks should be directly 
related to the continuity and homogeneity of the work. That this is 
true has been demonstrated by systematically varying the homo- 
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geneiiy and eoiitinuity of the tasks used and noting the variations 
in frequency of blocks resulting. Table I presents the data for a task 
of writing letter sequences of two-letter and six-letter combinations 
[ 24 ]. ” , 

TABLE I 

Homogeneity and Blocking 

Condition Average Blocks per Minute 

1. Most homogeneous 2.1 

2. lA'ast homogeneous 1.4 


Before leaving the discussion of blocks, it should be pointed out 
that, since they usually increase in length and frequency with fatigue 
and decrease with rest, they offer a sensitive index to the state of 
efficiency of the worker. 

Studying Transfer of Decrement Between Tasks 

To what extent do decrements in efficiency which were developed 
in tlie performance of one task transfer to other tasks engaged in 
immediately afterward? AVhat principles govern such transfer? 
Special methods developed for answering these questions experimen- 
tally must be based on recognition of the complex character of the 
decrement from work. There are at least three different kinds of 
decrement: (a) the specific decrement that develops in the operations 
directly involved in the task; (6) the decrement in functions related 
to, but not directly involved in, the task operations; (c) the decrement 
in those broad work attitudes, attentive sets, and volitional controls 
which carry over to almost any subsequent task because they are so 
general. The analytical S-E approach has proved most enlightening 
in studying the first two types of transfer of decrement, and the 
Gestalt approach has yielded the most fruitful concepts for under- 
standing the last. The present discussion will be limited to the first 
two. ' 

The conventional method of studying transfer of decrement — ^having 
subjects engage in some such task as addition, and then immediately 
afterward working at cancellation, multiplication, or memorizing 
words, to determine whether they accomplish less in the second task 
under these conditions than they would if no addition work had pre- 
ceded — is of little value. It merely answers the question whether 
there is anp transfer of decrement, leaving unanswered the questions 
of what, how much, and in what way. 


Total Average Tjengili 
74.4 
52.7 


The analytical method consists in selecting tasks which can be 
broken up into simple S-R components and finding out whether the 
amount of decrement transferred between tasks is a function of the 
number of such S~B components present in both tasks in common. 
For example, in one study [5] the work consisted in writing letter 
sequences. One task always involved writing ABC continuously. 
This was the standard. The other tasks differed in the number of 
letters which were identical with those in the standard task: ABB 
has two such letters, AEF one, and EFG none. Five conditions were 
used. The standard task was always worked on first, then a second 
task immediately afterward, in which either all elements were the 
same as those in the first task, or two were the same, or one was, or 
none. Standard and comparison tasks were worked on in alternate 
minutes for a total work period of 16 minutes. A fifth condition 
involved resting in the alternate minutes. 

Table II shows the average results, under each of the five condi- 
tions, in terms of number of ABC units \vritten. It can be seen that 
the number of units done is inversely proportional to the number of 
elements common to the two tasks. The greatest transfer of decre- 
ment occurs when the standard and comparison tasks are identical; 
the least, when they have no elements in common. Rest, of course, 
involves no transfer of decrement and hence gives us a control in 
terms of wliich to estimate the relative amounts of transfer in the 
other conditions. 


TABLE II 

Transfer of Decrement 
Total ABC Units Written in Each Condition 
Conditions All Elements Two Elements One Element 
in Common in Common in Common 
7911 8252 8403 


A striking fact is that, as compared with the rest condition, the 
condition in which the two tasks have no elements in common produces 
very little decrement transfer. 


Transfer of Set 

The common element in two tasks may be a particular set or work 
attitude, such as an accuracy set, a speed set, or a rhythm set. For 
example, if a subject is first given a task requiring a high degree of 
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None Rest 

Common 
8609 8756 





accuracy, this accuracy set will carry over to a subsequent task and 
will result in a higher degree of accuracy in the performance of the 
second task than would have occurred otherwise. If the first task 
emphasizes speed, the tempo of the second task will be accelerated 
correspondingly. Cathcart and Dawson [7] demonstrated this in 
the following way: Their subjects were allowed to perform a wide 
variety of tasks, from simple tapping to playing musical selections on 
the piano, at their natural or self-selected rate. They were then 
asked to perform at a different rate, either faster or slower than the 
first. Finally they were again allowed to revert to the rate which 
seemed natural to them. Table III shows that the final rate of work 
tended to be deflected in the direction of the intervening rate. 


TABLE III 

NtiMBEB OP Taps in 5 Seconds 
Initial Rate Intervening Rate Final Rate 

11 23 (faster) 15 

12 7 (slower) 10 


Sharp [28] demonstrated that such sets as the foregoing have a 
physiological basis in residual tensions in the muscles which persist 
into the later performance. 


REST AND RECOVERY FROM WORK 

In studying memory, we have a curve of learning and a curve of 
forgetting. The second begins where the first leaves off and may 
be considered the reverse process. Analogously, in studying fatigue, 
we have the curve of work and the curve of recovery after cessation 
of work. It is only recently that the curve of recovery has been inves- 
tigated quantitatively. Two typical experimental procedures will be 
described; one for studying the curve of recovery from muscular 
work, the other for intellectual work 


The Recovery Curve for Muscular Work 

Illustrative of the first type of curve is Manzer’s thesis [18]. He 
studied five different muscle groups: in the finger, the hand, the arm, 
the leg, and the trunk. The subject flexed these muscles repeatedly 
until a state of exhaustion was reached. He then rested 5, 10, or 20 
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minutes, at which time he was given a test to determine the degree 
of recuperation that had been reached by that time. The combined 
results for all muscle groups are shown in Fig. 6. The average work 
done in the test following each rest pause is expressed as a per cent 
of the average work done with unfatigued muscles. It can be seen 
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Fig. 6. Course of recovery from muscular fatigue. (From Manzer [1 8].) 

that'the average recovery after 5 minutes was 82 per cent; after 10 
minutes, 90 per cent; and after 20 minutes, 95 per cent. The curve 
is negatively accelerated, with the greatest gain during the first 5 
minutes. Longer rests gave diminishing returns in recuperative value. 



The Recovery Curve for Intellectual Work 

Methods for studying the recuperation curve for fatigue from 
mental work were developed by Kirby [15] for all three methods of 
approach, i.e., output, organic state, and feeling-tone. The mental 
work consisted of continuous solving of figure analogy problems, a 
type of material used in some intelligence tests, involving reasoning 
by analogy, but capable of being made highly homogeneous. A series 
of these problems is shown in Fig. 7. All subjects worked 30 minutes, 
then rested, and then were tested for degree of recovery by a 5 minute 
test. The rest period was varied systematically in length for different 
groups of subjects^ one group rested 2 minutes, another 3, another 5, 
another 7, another 10, and another 20 minutes. Objective decrement 
was measured in terms of problems solved, number done correctly, 
and number of blocks. It was computed by subtracting the level of 
performance at the end of the work period from that obtained in a 




5-niinute test period the next dsy. With this value as a measure of 
100 per cent decrement, the amount of recovery after a given length 
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Fig, 8, Recovery curves following mental work. 

Curve A. Skin-resistance changes. Curve B. Problems worked correctly. Curve C, Blocking ten- 
dency. Curve D. Feeling-tone changes. (From an unpublished thesis by T. Kirby, 1942, in the 
University of Cincinnati library.) 


of rest could be computed as a percentage of it. Feeling-tone was 
measured by a scale of values ranging from 10 to zero, with descrip- 




tive statements for the upper and lower extremes to guide the subjects 
in their introspective reports. Recovery in feeling-tone with rest 
was computed in the same manner as recovery in objective perform- 
ance level. Organic state was measured by the PGR, expressed in 
ohms resistance. This index rises under conditions of relaxation and 
drops during mental effort or attentional strain. Resistance was 
measured during a preliminary quiet period of 15 minutes before work 
was begun, during the 30 minutes of work, during the following rest 
period, and during the test period after rest. Figure 8 gives the 
curves of recovery for each of the criteria, i. e., skin resistance change, 
problems worked correctly, reduction in blocking, and improved 
feeling-tone. 

It can be seen from Fig. 8 that skin resistance rose steadily during 
the rest period, regardless of how long it was, thus indicating a pro- 
gressively increasing degree of relaxation. This very relaxation, 
however, apparently reached a point which made it difficult for the 
subjects to begin work again, because all the other curves show a 
reversal of the recovery tendency when the rest period is longer than 
7 minutes. Output rises to a maximum recovery of 86 per cent at 7 
minutes, then reverses its trend downward, so that at 20 minutes the 
recovery level is only 43 per cent. Recovery from the blocking tend- 
ency shows a similar rise and an even steeper drop. The reversal 
in subjective readiness for resumption of work, as indicated by 
feeling-tone, is even more drastic. These results agree with the dis- 
covery of a previous investigator that a worker’s readiness to resume 
a task increases for a period of 5 to 10 minutes, then undergoes a 
decline before finally reaching the complete recovery stage. The 
optimal rest period, therefore, should terminate at the point where 
readiness to resume work is at a maximum. 


Sleep as a Recovery Process 

The methods of studying the recovery process outlined above do 
not cover the special problem of sleep as a recuperative process. 
Experimental findings about sleep have thus far been mainly nega- 
tive. There is no certain method for determining the depth of sleep. 
Such methods as finding the strength of a sensory stimulus necessary 
to arouse the sleeper or recording the number of movements during 
sleep seem to give contradictory results, and it is not certain that 
the recuperative value of sleep is a function of its depth. Studies of 
the effect of loss of sleep, or voluntary insomnia, suggest that most 
mental work of a routine sort is performed as well or better after 
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prolonged periods of wakefulness as after normal sleep [25]. That 
it is performed with no more expenditure of effort, however, is very 
doubtful. Probably the most fruitful approach to the problem is 
suggested by the experiment of Laird [16], who compared the amount 
of energy consumed in performing a stated task immediately after a 
normal night’s sleep with that consumed by a person who had lost 
several hours of sleep. The loss of sleep resulted in greater energy 
expenditure. 


THE INFLUENCE OF EXTRANEOUS FACTORS 

The fourth major problem of efficiency, as outlined on page 471, 
involves the effect on work exerted by factors extraneous to the task 
itself, including (a) distractions and environmental influences, (6) 
physiological agents, and (c) suggestion and motivational factors. 
The past history of experimental work in this field shows that it is so 
difficult to avoid the influence of uncontrolled variables that much of 
the work already done is worthless and much more of doubtful sig- 
nificance. Let us first consider the problem of studying physiological 
agents, such as drugs, tobacco, alcohol, dietary factors, ventilation, 
and atmospheric conditions. What frequently neglected variables 
must be brought under control to insure significant results? 


Studying Physiological Conditions 

All physiological agents can be said to influence behavior in two 
distinct ways : first, by their direct effect on the organism through the 
blood stream and tissues; second, by the indirect effect which the 
subject’s knowledge of their presence has upon his behavior. Since 
it is the first type of effect which is usually being investigated, the 
second must be controlled or eliminated in the following ways. 

1. Concealing the peesence op the agent. When the factor 
whose influence is being studied is introduced through the mouth, it 
is frequently possible to use a control dose, which is indistinguishable 
from the real dose, so that the subject never knows whether he is 
being given the control or experimental condition. Examples of this 
method are found in the Hull experiment [13] on pipe tobacco smok- 
ing, in which the blindfolded subject puffed warm air from a specially 
constructed pipe in the control condition, and in drug experiments 
in which a placebo, or neutral pill looking and tasting like the real 
pill, is used. An unavoidable loophole in the method, however, is 
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the fact that the experimental agent often produces secondary effects 
on the organism which warn the subject of its presence and thus 
influence his behavior by subtle suggestion. Moreover, it is impos- 
sible to conceal from a subject the fact that he has or has not gone 
without sleep or food. 

2. Counter suggestion. A striking example of this method is 
found in Dorcus’s experiment [8] on the effect of cigarette smoking. 
He hypnotized his subjects and convinced them that they were smok- 
ing during a control condition in which an unlighted cigarette was 
held in the mouth. Ordinarily, one cannot be sure that the suggestion 
is really effective; but in this instance the subjects showed that it was 
by periodically shaking imaginary ashes from the ends of the unlighted 
cigarettes. 

3. Habitual versus occasional users. The effect of continued 
use of drugs and other physiological agents is to build up tolerance, 
both organic and mental, for them. They therefore produce on 
habitual users effects quite different from those on occasional or non- 
users. Results from these different groups must be interpreted 
separately. 

4. Temporal course op the effects. Since the action of most 
physiological agents persists for a considerable time, the only ade- 
quate way to express their effects on performance is to plot a con- 
tinuous curve indicating the entire course of efficiency through several 
hours. In some cases, effects do not appear until days later. There 
has been a tendency to investigate ail such phenomena in too frag- 
mentary a manner. 

5. Amount or strength of the agent. A number of experi- 
menters in this field have been motivated by the desire to answer 
some practical question, such as whether a person can get intoxicated 
on 4.4 per cent beer or whether two cups of coffee are harmful. The 
result is that they have failed to explore systematically the effects of 
all degrees of the agent. Sometimes a slight change in amount makes 
all the difference between a negligible and a marked effect on efficiency. 
Another problem is controlling the strength accurately, because this 
depends on the concentration within the body and not just the amount 
of intake. 

6. The practice factor. The tasks used to measure efficiency 
should be well practiced. Otherwise improvement from learning is 
likely to be confused with improvement from the action of the agent. 
If the experiment is pursued for several days or weeks, cumulative 
effects are certain to appear, w^hich may be due to practice or to the 
cumulative action of the agent. 

Studying the effect of anoxia. Illustrative of the problems 
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Fig. 9, Apparatus for studying mental performance under anoxemia. 

(Above) Apparatus for presenting stimuli and recording responses, and for controlling the oxygen 
confenf of the inspired air. 

(Below) Douglas double valve with headgear for breathing air from bag. (From an unpub- 
Hshed study by Geldreich and Bills,) ^ 



whicli arise in this field is the study made by Bills [4] of the effects 
of reduction in the oxygen content of inspired air on efficiency in the 
task of serial color discrimination. The method used was to prepare 
a large supply of air of a given desired oxygen content, before each 
experimental period, by mixing air with nitrogen in a chamber in the 
appropriate amounts. The subject then inhaled this mixture during 
the work period and exhaled through a separate exhaust valve. Six 
different concentrations of oxygen were used on different experimental 
days by each of the subjects: normal air or 20.9 per cent, 15 per cent, 
12 per cent, 10.5 per cent, 9 per cent, and 8 per cent. The percentage 
of nitrogen used in diluting the air was controlled by a flow meter 
and checked by a chemical gas analyser. The subjects were equipped 
with a breathing apparatus, so that they inhaled only air from the 
chamber and exhaled into the room. Ten men and women acted as 
subjects, but only three of them tried the 9 per cent mixture, and only 
one was able to take the 8 per cent condition. 

The breathing apparatus and the apparatus for responding and 
recording the responses are shown in Fig. 9. The subject sat facing 
the small window, through which the color stimuli were exposed, one 
at a time. He responded by pressing the keys corresponding to the 
colors exposed. The rate at which he responded determined the rate 
at which the color stimuli appeared, through an automatic electrical 
control. The recording of the responses was made on a wax kymo- 
graphic paper tape, so that each separate reaction time could be later 
read in millimeters. 

Each subject w^as first put through a series of four practice trials 
of a half hour each, on four separate days, in which he breathed 
normal air from the bag and responded manually to the colors. This 
practice series was designed to accustom the subject to the apparatus 
and to give him training in responding manually to the colors until 
further improvement from practice would prove negligible during 
the actual experimental sessions. 

The conditions of the experiment are shown in the following chart, 
A control condition with normal air was run before the first experi- 
mental condition and again after the last one, so as to give a com- 
parative basis for judging the degree of effect of the anoxia conditions. 
To avoid the effects of suggestion, the same apparatus was used for 
inhaling normal air during the control condition as for breathing the 
air of low oxygen content. The subjects were unable to tell the differ- 
ence. Each subject went through the seven conditions in a different 
order, so that practice was equalized for all conditions in the group 
averages except IV and V, 

No motive other than the desire to obtain true results was intro- 
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Condition 


First Half Hour 


Last 15 Minutes 


Control I 
Experimental I 
Experimental II 
Experimental III 
Experimental I¥ 
Experimental V 
Control II 


Subject breathes normal 
air, while sitting at rest 
Subject breathes 15 
per cent oxygen and rests 
Subject breathes 12 

per cent oxygen and rests 
Subject breathes 10.5 
per cent oxygen and rests 
Subject breathes 9 

per cent oxygen and rests 
Subject breathes 8 
per cent oxygen and rests 
Subject breathes normal 
air and rests 


Continues normal 
air while working 
Breathes 15 per cent 
oxygen and works 
Breathes 12 per cent 
oxygen and works 
Breathes 10.5 per cent 
oxygen and works 
Breathes 9 per cent 
oxygen and works 
Breathes 8 per cent 
oxygen and works 
Breathes normal air and 
works at task 


duced into the work situation, since the subjects were sophisticated and 
mature enough to respond in a constant manner to this motive. 

The results were both qualitative and quantitative. No subjective 
or objective effects appeared until the oxygen percentage ’was reduced 
below 12 per cent, and no marked effects showed above 9 per cent. 
At this point muscular rigidity of the fingers, tremors of hand and 
head, and loss of orientation and sense of time occurred. There was 
a tendency to perseverate at the task even w^hen told to stop and also 
some giggling over nonsensical trifles, indicating a breakdown of 
emotional control. A narrowing of the field of attention was evident, 
and lapses of memory occurred. All but one of the subjects who tried 
the 8 per cent condition lost consciousness. 

The quantitative criteria used were response time, number and 
length of blocks, and total block time measured in average reaction 
times. Errors were found to be so infrequent that they could be 
ignored. It can be seen from Fig. 10 that the 15 per cent oxygen 
condition was, in all respects, as efficient as the normal control; but 
that below this point there was a positively accelerated increase in 
frequency and length of the blocks for equal reductions in oxygen 
concentration. Response time, however, when corrected by eliminat- 
ing block time from the calculation, remained constant. The effect of 
anoxia, therefore, is to exaggerate the blocking tendency and to lower 
efficiency in this manner. Figure 10 shows the increase in average 
total block time with successive reductions in oxygen content of 
the air. 


Studying Distractions and Environmental Influences 

The problems confronting the investigator of environmental influ- 
ences on behavior are similar to those outlined for physiological agents, 


but the task of controlling them is even greater, because the subject’s 
responsiveness to their influence is so much more dependent on atti- 
tude, suggestion, motives appealed to, and individual differences 
resulting from past experience. A good illustration can be taken 
from the work on so-called distractors. 



Percentage of oxygen 

Fig. 10. Increase in blocking with decrease in oxygen. (From Bills [4].) 

Under what conditions will an extraneous stimulus, introduced into 
a mental work situation, exert a detrimental effect on performance, 
and under what conditions will its effect be neutral or even beneficial? 
Studies of the effect of music played during working hours have pro- 
duced highly ambiguous results, because of the complexity of the 
stimulus factors involved and the contradictory influences exerted. 
For example, a single discrete sound stimulus may exert a facilitative, 
neutral, or inhibitive effect on a response, depending on what fraction 
of a second beforehand it occurs. When continuous or intermittent 
distractors such as a metronome beat, a bell, or a continuously driven 
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tuning fork are used during serial reactions, the effects will be facili- 
tative or inhibitive, depending on whether the distraetors . are syn- 
chronized with the serial reactions. The strength of the distractor 
is important also, and the result will be further affected by wdrether 
the distractor acts on the same sense organ or organs as those involved 
in the task itself. Equally important is adaptation, because it has 
been found that even the most complex mechanical distraetors will 
lose their effect after a short time [9] . Moreover, most persons dis- 
play a tendency to exert extra effort to overcome the inhibitive effect 
of distraetors in a work situation and thus to overcompensate, with a 
resultant facilitative effect on performance. 

The problem of the long-time versus immediate effects of an agent 
is nowhere so important as in studying the influence of distraetors, 
because the evidence from studies of metabolism, muscular tenseness, 
and other criteria of energy expenditure indicates that work under 
distractions requires a greater output of energy unless and until 
adaptation to the distraetors has taken place. Such adaptation is 
more difficult with variable or intermittent distraetors. Sooner or 
later, cumulative effects should appear in the objective performance 
level. 

With music, two other elements besides sound and rhythm must 
be taken into consideration: affectivity and meaning. Persons fond 
of music are more definitely affected tlian persons who are indifferent 
to it. Familiar music exerts a greater effect than unfamiliar. The 
tempo and style of composition are important. Records of heart 
action and blood pressure indicate a heightened tonus accompanying 
the playing of martial tunes and a depressant effect of funeral music 
[14]. In the light of such complex results, no generalizations are 
safe, and no experiment designed to establish a general law of rela- 
tionship could possibly be successful. 


Studying the Influence of Motives and Incentives 

The discussion of motivation in Chapter 13 makes unnecessary any 
further elaboration of the topic here, except to point out that it is 
an ever-present factor in every work situation, w^hether or not it is 
under control. Since it is impossible to eliminate this variable, the 
alternative is to control its strength and direction and if possible to 
measure and account for its influence. One very important point to 
recognize is that motives and incentives are distinct and independent 
variables. There is no assurance that, by supplying the appropriate 
incentive to workers, one can guarantee the presence of the corre- 
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sponding motive and thus insure increased effort. The value of a 
reward differs with the individual; it may be zero in a person who 
lacks motives to which it can appeal. Is competition more effective 
than cooperation as a social incentive to workers? Mailer [ 17 ] 
found that the answer depended on the kind of cooperating group, the 
degree of group solidarity. A situation designed to excite competition 
may fail to do so with some individuals. We hardly are justified 
in assuming that the relative strength of the competitive motive has 
been tested experimentally unless the incentive situation has actually 
had some appeal. 


SUMMARY 

The experimental study of efficiency in performance can be 
approached from two different angles, the analytical and the integra- 
tive. The first approach leads to experiments of the type exemplified 
by the quantitative study of the knee jerk, the simple, choice, and 
serial voluntary reactions, facilitative and inhibitive sets, and the 
ergographic record of isolated muscle groups. The second approach 
is concerned with the work of the integrated organism. It is mainly 
occupied with the effect of continuous performance on efficiency in 
the performance being studied and in related activities. These effects 
are studied at three levels: the objective output, the organic energy 
expenditure, and the subjective feeling- tone, and are expressed 
graphically in the curve of work. Recuperation from these effects is 
studied through the curve of recovery. Finally, the study of the 
influence of factors extraneous to the task itself, whether physiological 
or within the environmental setting, requires the use of special methods 
to overcome suggestion and the subtle motivational influences to which 
the human reactor is peculiarly susceptible. 
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Chapter 17 


Investigating and Appraising 
Intelligence and Other Aptitudes 

Herbert S. Conrad^ 


There is no more hard-headed or practical question to be asked 
about an individual than, '^What can he do?^’ In this connection the 
distinction must be recognized between aptitude and achievement. 
Aptitude refers to potential achievement, or the ability to acquire or 
improve proficiency upon exposure to appropriate opportunity and 
training; achievement, of course, refers to completed accomplishment. 
Wide differences exist among individuals in most (if not all) aptitudes 
or achievements; and definite differences exist also within an indi- 
vidual — thus, a person high in intelligence will not likely be equally 
high in, say, mechanical or musical aptitude. Especially in young 
people, the measurement of aptitudes is of tremendous practical 
importance; and it is with aptitudes, rather than achievement, that 
this chapter is concerned. 


VARIETY OF METHODS 

The problem of appraising intelligence and other aptitudes is as old 
as man himself. In general, of all the methods which may be 
employed for this purpose, the method of tests is the most practical, 
convenient, and widely applicable. Other methods, however, deserve 
at least passing notice. One obvious method is to give the individual 
an extended trial on the job — whether the job be that of studying in 
college or learning to be an airplane pilot. This method is usually 
too time-consuming and costly to recommend itself; it works well 

3- Technical Consultant, College Entrance Examination Board, Princeton, New 
Jersey. 
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only when the individual is successful. Another method sometimes 
used for appraising and investigating aptitudes is the method of 
ratings based on observation of previous behavior. Thus, an indi- 
vidual’s aptitude for college work might be inferred from ratings 
obtained from his high-school teachers; the testimonial of a previous 
employer also belongs in this same class of appraisal Such ratings 
or testimonials suffer from many drawbacks. Some raters or testi- 
monial waiters are accurate, but others are not — and one is hard put 
to know whether any particular rater is “on the beam” or off. One 
remedy for this defect is the “averaging out” of errors by the use of 
ratings from many raters; but even here there are difficulties. Thus, 
in ratings of students’ intelligence, unpopular students are likely to 
be rated down, whereas “teachers’ pets” are rated up. Another com- 
plexity lies in standards: the standards of rating used by urban 
teachers may not agree with those by rural teachers; the standards 
of public school teachers may not agree with those of private-school 
teachers; etc. Under favorable circumstances ratings can be a useful 
adjunct to tests, but not a practical and convenient substitute. The 
disadvantages and inconveniences of ratings appear also in connection 
with records, with the additional disadvantage that records too often 
fail to supply the specific, detailed, quantitative information that is 
needed. Probably the best records for the investigation and appraisal 
of intelligence are the records of students’ grades or marks in school; 
these are sufficiently available and valuable to deserve recognition and 
use. The experience check list gives the individual an opportunity 
to indicate, by check marks on a systematic list, the nature and extent 
of his educational and occupational experience. The trouble wuth the 
experience check list is that it generally fails to provide reliable evi- 
dence concerning how successful the individual was in his education 
and experience. Finally, there is the method of the interview. This 
method is better adapted for the appraisal of social qualities than of 
intelligence and other aptitudes. Among other handicaps, the inter- 
view method is extremely expensive. 


APTITUDE TESTS 

Because tests are the principal method for the practical appraisal 
of intelligence and other aptitudes, it is to tests that this chapter is 
devoted. For purposes of broad overview, we shall first consider a 
general classification of aptitude tests according to (1) type of task, 
(2) type of response, (3) type of administration, and (4) type of 
scoring. 
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Type of Task 

(a) The task can be novel or learned; thus, to try to match a pat- 
tern of red and green lights by manipulating two pedals and a “stick” 
(as in the Complex Coordination Test administered in the Army Air 
Forces! is a novel task; to prove that one can read, understand, and 
apply the content of a printed passage (as in a reading test) is a 
learned task, (b) The task can be apparently similar to the accom- 
plishment one is aiming to predict or apparently dissimilar. Thus, 
the Complex Coordination Test (Fig. 9) seems to call for responses 
rather similar to those made by a pilot in flying a plane, and it has a 
useful degree of validity for the selection of airplane pilots; but this 
same test has also proved useful in helping to predict the success of 
airplane navigators, whose work, ofl^hand, appears to call for reactions 
different from those in this test [11]. (c) The task may be of the 

paper-and-pencil variety, or it may require specially constructed 
apparatus. For several practical reasons, paper-and-pencil tests are 
generally preferable to apparatus tests. In the first place, it is gener- 
ally expensive both to construct the apparatus and to prepare the 
duplicates needed to test a large number of individuals in a limited 
time; second, it is sometimes troublesome to maintain satisfactory 
comparability between different machines (this was a constant source 
of annoyance in the Army Air Forces psychomotor testing program) ; 
third, it is generally impossible for one person to administer the test 
to a large group of individuals at a time; and finally, special training 
or skill is frequently required in the scoring of responses to apparatus 
tests. If, however, the apparatus tests make a significant contribu- 
tion to validity, the extra cost and inconvenience may be considered 
well justified, (d) The test may make heavy, small, or no demands 
upon speed by the testee, according to whether the time allowed for 
completing the test is brief, generous, or unlimited. 

Type of Response 

(a) In paper-and-pencil tests the individual’s response is usually 
restricted to choosing among four or five “multiple-choice” alternatives. 
Sometimes the nature of the task requires that the individual be given 
greater leeway: e.g., a test of “fluency” requiring the individual to 
write as many four- letter words as he can that start with p and end 
with r (pear, poor, peer, purr, etc), (b) The response may involve 
recognition, recall, calculation, or special ingenuity. An example of 
the “ingenuity” type of item is as follows; 

SOO 


A mother sent her boy to the river and told him to bring back exactly 7 pints 
of water. She gave him a 4-pint vessel and a 9-pint vessel. Show me how the 
boy can measure out exactly 7 pints of water, using nothing but these two vessels 
and not guessing at the amount. You should begin by filling the 4-pint vessel 
first. Remember, you have a 4-pint vessel and a 9-pint vessel, and you must 
bring back exactly 7 pints.^ 

In the following item on arithmetical reasoning, the answer must first 
be “calculated” before it can be “recognized.” 

If 1 pound of oranges = 2 to 4 oranges, what is the least possible weight, in 
pounds, of 3 dozen oranges?^ 

(a) 6 (6)9 (c) 12 (d) 16 (c) 18 

(c) The response may be of the “performance” type, as in the Complex 
Coordination Test. 


Type of Administration 

Paper-and~pencil tests generally lend themselves well to group 
administration; apparatus tests cannot, in general, be administered 
to large groups at one time. Administration to large groups is, of 
course, faster and less expensive. The advantages of individual admin- 
istration are that it permits closer control of the subject's attention 
and motivation and affords opportunity for detailed observation of 
the subject’s behavior; these advantages are important in the testing 
of young children, of “problem” cases, and of persons examined at 
the order of a court. So-called “self-administering” tests require a 
minimum of supervision, the directions being quite simple and printed 
on the test. 


Type of Scoring or Grading 

(a) The scoring of responses to aptitude tests is typically objective, 
although occasionally more or less subjective. Thus, in the Wechsler- 
Bellevue test [23] the subject is asked to state orally what is meant 
by various words, such as “nuisance” or “armory”; the scoring here is 
only slightly subjective, since there is seldom any doubt or disagree- 
ment among examiners as to whether a given response should be 

2 From L. M. Terman, Condensed Guide jor the Sianjord Raimion of the 
Binet-Simon Tests. Houghton Mifflin, 1920, p. 31. 

3 From Bulletin of Information for 1946^1947 j Colloge Entrance Examination 
Board, p. 11. 
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credited. On the other hand, the scoring of an English composition 
test (taken as part of a battery for college admission) is definitely 
subjective, since examiners, even under the best of conditions, rather 
frequently fail to agree on the scores or grades they assign. (6) 
Scoring can be done by hand or, with true-false and multiple-choice 
tests, by machine [14] . The scoring machine most widely used requires 
that the individual indicate his answers on a special answer sheet, with 
a special “electrographic'' pencil; the marks by this pencil serve as 
conductors of electricity, which operates the machine. 


CORRELATION, CRITERION, AND VALIDITY 

The concepts of correlation, criterion, and validity are basic to this 
entire chapter. A positive correlation said to exist between, say, 
intelligence test scores and college grades i/ those who get high intelli- 
gence test scores also tend to get high grades ^ and, conversely , if those 
who get low intelligence test scores tend to get low grades, “Perfect" 
or “complete" positive correlation exists if each individual's college 
grade falls at a point corresponding exactly to his intelligence test 
scoi'e. Perfect correlation is never found in actual fact, although it is 
occasionally approximated. The degree or extent to which correlation 
exists is expressed by the “correlation coefficient.” Perfect positive 
correlation is expressed by a correlation coefficient of + 1.00; complete 
absence of correlation — in which the individual's standing in one trait 
or characteristic is quite unpredictable from his standing in another 
—is expressed by a correlation coefficient of .00. Intermediate values 
of the correlation coefficient, such as .70, reflect intermediate degrees 
of correlation. An example of correlations of 1.00, .90, and .50 is 
shown in Fig. 1. The correlation coefficient is somewhat peculiar, in 
that a correlation of .70 does not mean seventy-hundredths of a 
perfect correlation; roughly and in general, .70 may be regarded as 
approximately .702 or .49 of ^ perfect correlation. Similarly, .60 
may be regarded as approximately .60- or .36 of a perfect correla- 
tion; etc. 

By a criterion is meant the ability or performance which the apti- 
tude test aims to predict, and validity is the degree to which scores on 
the criterion are successfully predicted by the aptitude test. Validity 
is frequently expressed in terms of the correlation between the test 
and the criterion. Thus it has been found [8] that the validity 
coefficient (correlation coefficient) between college-entrance intelli- 
gence tests and freshman college grades is about .52, although the best 
tests, under favorable circumstances, reach a validity of ,60 or even 

502 


.65. A distinction must be made between the pragmatic or opera-- 
tioml criterion (the criterion actually employed in a validity study) 
and an ideal or perfect criterion, which may, of course, be expected to 



Fig. V. Correlation coefficients of various magnitudes. (After P, M. Symonds, 
Measurement in Secondary Education, 1929/p. 246; by permission of The 

Macmillan Co.) 


differ to some extent from the operational criterion. The greater the 
difference between the operational and the perfect criterion, the less 
clearly interpretable a validity coeflScient becomes. 

ILLUSTRATIONS FROM PUBLISHED TESTS 

Listed below are samples from several published tests. For greater 
familiarity with the wide variety of tasks found in aptitude tests, the 
student is urged to examine as many different tests as he can and to 
attempt to answer a fair proportion of the items in each test. 
Numerous additional illustrations from published tests are available 
in reference 10. Test bibliographies are furnished in references 3 
and 13. 

The following are some examples of items used to test intellectual 
aptitudes: 



SOS 








Vocabulary : 

1. '^ Do not malign him. rebiiko eject slander molest support 

2. *"* What does jable mean? 

3 . » Think of the word that fils the definition. Then mark the first letter of 


til at. word : 


The theft of literary oi- artistic ideas of another is termed: 
0 P R U W 


Antonyms : 

4.7 What tiDO words below are opposite, or approximately opposite, in 
meaning? 

resilient perspicacious salient inconspicuous 


Word fluency: 

5. ^ W^rite as many words as you can which begin with con. 

6. ’^ Eacli blank below is to be filled in by a word which, if used alone, would 
compleie tlie sense of the sentence. 

Tile horse pulled back — 

Similarities : 

In what way are a knife blade, a penny, and a piece of wire alike? 
Analogies : 

8.^7 Sawdust is to wood as flour is to 

(1) bread (2) grain (3) mill (4) ground (5) sand 

9 p 2 Wliat words in a pair below are related to each other in the same way 
as the italicized pair of words at the beginning? 

rest: fatigue diploma: graduate relaxation: recreation 
pinnacle: mountain laziness: obesity 
praise: dejection 

4 From I. Gansl, Archives of Psychology, No. 236, 1939, p. 49. 

">From D. Wechslor, The Measurement of Adult Intelligence, Williams and 
Wilkins, 1939, p. 162. 

From L. L. Thurstone and T. G. Thmsione, Psychological Examination for 
College Freshmen, 1941 Edition, American Council on Education, p. 6. 

7 From Bulletin of Information for 1040-1947, College Entrance Examination 
.Board, p. 9. 

s From L. L. Thurstone and T. G. Thurstone, Psychometric Monographs, No. 2. 
University of Chicago Press, 1941, p. 73. 

‘>From D. M. Johnson and F. Reynolds, Psychological Record, 1941, p. 184. 

^<>From L. M. Terman, Condensed Guide for the Stanford Revision of the 
Binet-Simon Tests, Houghton Mifflin, 1920, p. 24. 

From L. L. Thurstone and T. G. Thurstone, Psychological Examination for 
College Freshmen, 1941 Edition, American Council on Education, p. 14. 

i^From Bulletin of Information for 1946-1947, College Entrance Examination 
Board, p. 9. 


Troblem” question: 


10. ^'^ My neighbor has been having queer visitors. First, a doetfOr came to his 
house, then a lawyer, then a minister (preacher or priest). What do you think 
happened there? (If response is simply “a death,” check up by asking what the 
lawyer came for.) 

Verbal absurdity: 

11. ^^ Mark F if the sentence is foolish; mark & if it is sensible. 

S F Mrs. Smith has had no children, and I understand that 
the same was true of her mother. 


Reasoning : 

12.1’"'^ Haste makes waste, and waste makes want. Therefore a man never loses 
by delay. True or False? 

13.^'“' Suppose that: All haystacks are typewriters. 

All catfish are typewriters. 

Then is it true or jahe that: All haystacks are catfish. 

Directions test (measuring comprehension, memory, and speed): 

14 16 When I say ‘‘go,” draw a line through every even number that is not in 
a circle and also through every odd number that is in a circle with a letter. Go ! 
(Allow not over 25 seconds.) 



Fig. 2. Directions test 


Sentence completion :■ 

One of the most prevalent erroneous contentions is that Argentina is a 

country of. agricultural resources, and needs only the arrival of 

ambitious settlers. 

(1) modernized (2) flourishing (3) undeveloped (4) waning (5) limited 

From L, M. Terman, Condensed Guide for the Stanford Revision of the 
Binei-Simon Tests, Houghton Mifflin, 1920, p. 25. 

From L. L. Thurstnne and T. G. Thurstone, Psychometric M o)u>graphs, No. 
2, University of Chicago Press, 1941, p. 47. 

^">From L. L. Thurstone, Psychometric Monographs, No. 1, University of 
Chicago Press, 1938, p. 48. 

i^'From C. S. Yoakum and R. M. Yerkes, Avjny Menial Tests, Henry Holt, 
1920, p. 59. 

I'^From Bulletin of Information for 1046-1047, College Entrance Examination 
Hoard, p. 10. 
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Pkoverbs (may be considered a variety of reading test) : 

16.^8 Which one of the six statements below explains the following proverb: 
A bird in the hand is worth two in the bush. 

a. It is easier to carry eggs in two baskets than in one. 

b. A man of action has a loud voice. 

c. Tame birds are more expensive than wild ones. 

d. It is better to be content with what you have than to lose it in gambling for 
more. 

e. It is safer not to risk all on one venture. 

f. What a man does is a better indication of his character than what he says. 


Key 

☆ © □ 'S’ A 

©☆□'S’A^ODA* 

□ ^☆A'OO^AnO 
☆ ©□☆DRAG'S’* 

etc. 

Fig. 3. Digit-symbol substitution test. 

Ebading: 

17. The typical reading test presents a full paragraph (or series of paragraphs), 
followed by multiple-choice questions. The examinee is usually allowed to refer 
to the reading material when attempting to answer the questions. The questions 
may refer merely to matters of fact, or may require application of the facts 
given in the paragraph, or may require inference, etc. 

Learning tests: ■' 

18. Apart from paragraph reading, few brief learning tests have proved of value 
in intelligence testing. An exception is the ‘‘digit-symbol substitution” test.i^> 
In this test the subject records a number inside each geometrical figure, in accord- 
ance with the “key” at the top (see Fig. 3). This test may be given with a time 
limit, in which case the score is the number of geometrical figures correctly filled; 
or the score may be the time required to finish (with a deduction for errors). 

^^From A. S. Otis, Otu 8el}-Administenng Test of Menial Ability: Higher 
Examiyiation, Form B, World Book Company, 1922, 

19 From R. S. Woodworth aad P. L. Wells, Psychological Monographs, Vol 13 
No. 5, 1911. ' 
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Aeithmetical or numerical items; 

19.20 If a train goes 150 yards in 10 seconds, how many feet does it go in one- 

fifth of a second? 

20.23 What number is missing in this series? 

15% 14%,,. 


(d)36 (e)42 

Performance or non-verbal tests: 

At the younger age levels, especially the preschool age levels, objects and pic- 
tures replace words and numbers as the vehicle for the intellectual processes in 
intelligence tests. At these levels what appears to the adult as mere motor 
manipulation requiring only a minimum of intellectual effort serves successfully 
for intelligence testing. The following are a few illustrations of some of the 
non-verbal or performance tests of intelligence. Some of these tests have a fair 
degree of validity at higher age levels up to and including the adult. 

Drawing a man: 

22. The child is requested to draw a man. This test has been standardized by 
Goodenough [9], who provides detailed directions for scoring. 



Rg. 4. Porteus maze test. 


Maze test: 

23.2'^ The examinee places his pencil at S (see Fig. 4) and is told to show 
what “road” he would take to get out of the ma^ze without crossing any printed 
lines and ‘without entering any closed ^Woads,’* 

20 From D. Wechsler, The Measurement of Adult Intelligence, Williams and 
Wilkins, 1939, p. 152. 

21 From J. Tiffin and C. H. Lawshe, Adaptability Test, Form A, Science 

Research Associates, 1942. , _ . 

22 From Bulletin of Information for 1940-1947, College Entrance Examination 
Board, p. 10. 

23 From S. D. Porteus, Guide to Porteus Maze Test, Vineland Training School, 
Vineland, N. J., 1924. 


15% 

2122. 36)^ = 6X3 


15% 16% 15 


ia)% (6)1 (c)6 
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Other performance tests: 

24. The following are descriptions of two tests from the Performance Scale of 
the Wechsler-Bellevue test [233. (a) In the ^'picture-arrangement test,” the sub- 
ject is presented with a disarranged series of pictures. ' The problem is to arrange 
the pictures in proper sequence so that they tell a story, {h) In the “block 
design test” the problem is to produce certain prescribed designs by arranging 
sixteen colored cubes. 

It may be of interest to observe that the total score from the five “performance” 
tests of the Wechsler-Bellevue Intelligence Scale correlates with the total score 
from the five verbal tests of this scale to the extent of .67 [23, p. 1263. This is 
lower than usual for the correlation between two halves of an intelligence test; 
there is no doubt that the performance part measures somewhat different abilities 
from the veihal. In general, performance tests are less highly correlated than are 
verbal tests with the usual criteria of intelligence, such as grades in academic 
courses in school 

Memory: 

25. Memory tests include such tasks as repeating a set of six numbers after 
hearing them once, repeating a set of numbers backward, repeating a sentence, and 
repeating the thought of a brief paragraph. Non-verbal memory tests include, 
for example, the reproduction of an asymmetrical geometric design after a brief 
(10- or 15-second) exposure. All these are examples of immediate memory. 
Delayed memory has not ordinarily been used in tests of intelligence; an excep- 
tion occurs in the Babcock [11 scale for measuring mental deterioration in the 
aged. 

The following sections will present (less extensively than for intel- 
lectual aptitudes) illustrative items or tasks from tests designed to 
measure perceptual, clerical, esthetic, psychomotor, and mechanical 
aptitudes. Below are given three tests of perceptual aptitudes. 

Identical forms : 

26.24 In the test below, the task is to discover quickly the one figure in each 
row which is exactly the same as the first figure in the row. 


1 2 3 4 5 
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Fig. 5, Identical forms test. 


24 From L. L. Thurstone, Psychometric Monographs, No. 1, University of 
Chicago Press, 1938, p. 40. 
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Gottschaldt figures: 

27,^^ The Gottschaldt figures test, though largely perceptual, is also related to 
intelligence. 



Fig. 6. 


Look at the adjacent Fig. 6. This figure is contained in each of the drawings 
in Fig. 7. Find it in each drawing, and then mark it heavily in pencil. Mark 
only one figure in each drawing. 



Fig. 7. Gottschaldt figures test. 


MacQuakrie pursuit test: 

28.-*‘ Figure 8 consists of ten lines which nin across the diagram from left lo 
right. Follow each line across from left to right. Record at the right the number 



From L. L. Thurstone, A Factorial Study of Perception, University of Chi- 
cago Press, 1944, p. 75. 

26 Adapted from L. L. Thurstone, Psychometric Monographs, No. 1, University 
of Chicago Press, 1938, p. 41. 
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which belongs to the line. Lines 1 and 2 have already been done. Do each of 
the remaining lines. 

In passing, it may be mentioned that tests of distance perception are needed in 
which the subject, while himself in motion, is observing one or more moving 
objects. Motion pictures provide a simple means for depicting the motion of 
objects; achieving simultaneous motion in the examinee during the test situation 
is more difficult. 

Clerical aptitudes are reasonably well measured by tests of intelli- 
gence, except in the lower, more routine grades of clerical work. A 
common supplement to intelligence tests is the name- and number- 
checking test. 

Name AND NUMBER-CHECICING test: 

29.2'^ Compare the two lists of names or numbers, making a check mark when 
the two names or numbers to be compared are alike. 

66273894 66273984 

527384578 y/ 527384578 
New York Worl d \/ New York World 
Cargill Grain Co . ^Cargil Grain Co. 

It is difficult to subclassify psychomotor tests, because such tests 
generally show low intercorrelations with each other (around .30 or 
below). A brief description of a few psychomotor tests follows. 

Fincjer-dexterity test: 

30.*'^ The subject is provided with a tray containing small metal pegs, and with 
a board containing numerous small holes. The subject’s task is to remove three 
pegs at a time from the tray, and place all three together into a hole in the board. 
This is repeated until all the holes have been filled. 

Two-hand coordination test: 

31.2» A metal stylus is grasped in each hand. The right and left hand simul- 
laneously tap different areas of two metal plates, in a non-symmetric pattern. 
The score is based on speed of correct performance of the task. 

Complex coordination test: 

32.*^^^ The subject matches green and red lights, by simultaneous movements of 
feet (on pedals) and hand (on “stick”) (see Fig. 9). 

“7 From D. M. Andrew and others, Minnesota Vocational Test for Clerical 
Workers, Psychological Gorporation, 1933. 

From J. O’Connor, Personnel Journal, 1926, pp. 379-382. 

From L. L. Thurstone, A Factorial Study of Perception, University of Chi- 
cago Press, 1944, p. 50. 

'^>0 From Psychological Bulletin, by Staff, Psychological Research Unit No. 2, 
and Staff, Department of Psychology, Research Section, School of Aviation 
Medicine, 1944, p. 314. 
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Fig. 9. Complex coordination test. (Courtesy of Professor A. W. Melton.) 


Most tests in the field of esthetics are measures of esthetic taste. 

Art judgment: 

33. In the Meier-Seashore Art Judgment Test,^^ the subject is asked which of 

j two pictures (that differ only in some detail) he prefers; numerous pairs of 

I pictures are presented, and the subject scores “high^^ if his preferences agree 

with those of a group of experts. 

Musical aptitude tests : 

34. The musical tests prepared by Carl Seashore place the emphasis on apti- 
tudes, rather than on esthetic taste. These tests are on phonograph records.*^^ 

Published by the Bureau of Educational Research and Service, University 
of Iowa. 

32 Obtainable from C. H. Stoelting Company, Chicago, 111. 
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Typical of others is the test for tonal memory, in ’which the subj ect is presented 
with two series of notes in succession. The task is to report whether the second 
series is identical with, or different from, the first. Numerous such tonal series 

are, of course, included in the test. 

Mechanical aptitude tests are ordinarily classified as tests oi spatial 
visualization, assembly tests, psychomotor tests, mechanical compre- 
liension, mechanical information, and shop mathematics. The reading 
of paragraphs of technical material is also sometimes employed in meas- 
uring mechanical aptitudes. 

Spatial visualization : paper form -board test : 

35. The paper form-board test, as its name implies, is a paper-and-pencil 
means for measuring spatial visualization. In the test illustrated below, the 



Fig. 10. Paper form board test. 


task is to indicate which figure at the right could be formed by fitting together 
(without gaps or overlapping) the pieces at the left. The pieces may be turned 
around or turned over in any way to make them fit together. 

Spatial VISUALIZATION : three-dimensional FORM BOARD : 

36. Crawford’s Test for Tri-dimensional Structural Visualization^^ is an 
ejcample of a three-dimensional form board for the measurement of spatial 
visualization. In this test, variously shaped parts are fitted into a base board 
containing various depressions and projections. A good score seems to demand 
rapid, accurate consideration of three dimensions at once. This test is reported 
to correlate highly (above .80) with grades in engineering drawing, but poorly 
with ordinary tests of inteliigence. 

Assembly tests : ■ 

37. (a) In the Minnesota Mechanical Assembly Test,S5 the subject is presented 
witli the parts of a common mechanical device, e.g., a bicycle bell, and asked to 
l)ut the parts together. Superior performance in this type of test appears to 
call for good spatial perception, and may be facilitated by general familiarity 
with common mechanical devices, (h) In the Purdue Mechanical Assembly 
Test, as reported by Tiffin, *The mechanisms involved are entirely new to all 

S3 From Specimen Questions from U. S. Civil Service Examinations, United 
States Government Printing Office, 1945, p. 10. 

3‘t J. E. Crawford, Journal of Applied Psychology, 1940, pp. 482-492. 

33 Consult D. G- Pearson, and others, The Minnesota Mechanical Ability Tests, 
University of Minnesota Press, 1930, 
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testees” [21, p. 701; this tends to eliminate the problem of differentia;! familiarity 
with the test material. 

Mech.4Ni:cal com,p.rehension tests: 

Tests of mechanical comprehension are typically pictorial uv tliagrammaiic, 
requiring the applicatio!i of physical principles to situations iioi si>ecilica!ly cuc- 
ered oi* emphasized in ordinary high-school physics courses. TIh? followiiig is 
an illustrative item: 

38'^^*. Which of the two illustrations is the more likely picture of a train wreck? 

/I B 



Mechanical information tests: 

Tests of mechanical information are included in measures of mechanical apti- 
tude on the theory that those who pick up such information have more aptitude 
in mechanical matters than those who do not. This theory, however, probably 
does not hold very well for urban boys, among whom opportunities for mechani- 
cal learning may be limited. The following is an item that was used by the 
Army Air Forces in one of its tests: 

39'^'^. A metal band put around the handle of a tool in order to strengtlien it 
is called a (a) ferrule, (6) shim, (c) casting, (d) node, (e) clevis. 

Shop mathematics : 

40. Items in shop mathematics cover simple arithmetic, mensuration, aiul the 
reading of tapes, gages, etc. 

It should be emphasized that the previous illustrations are merely 
a small sample of available types of test tasks. The interested student 
is referred to the text by Greene [10]. 

3<5From G. K. Bennett, Mechanical Comprehension Test, Form AA, Psycho- 
logical Corporation, 1941. 

From The AAF Qualifying Examination, edited by Frederick B. Davis, 
United States Government Printing OflSice, 1947. 
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ESSENTIALS OF APTITUDE-TESTING METHODS 
Job Analysis 

The first requirement in aptitude testing is a careful functional 
analysis of the job or performance for which the test or set of tests 
is to be constructed. In many of its aspects this analysis is necessarily 
a judgmental affair, but it is by no means merely an “arm-chair’’ 
undertaking. When possible, information is obtained by first-hand 
observation of and participation in the job. Information is also 
obtained by interrogation of individuals on the job, especially those 
who are skilled or expert in performance; by consultation with others 
who have had opportunity for extended observation; and by study of 
the relevant scientific literature about the job or performance. 

Because the specific functions involved in almost any performance— 
whether it be learning arithmetic, learning the details of a filing sys- 
tem, operating a lathe, or flying a plane — are quite numerous, it is 
helpful to organize these functions into various broad categories. A 
suggested set of categories, which conforms to current usage and think- 
ing in the field of aptitude testing, is as follows: 

■. 1. Sensory abilities 

2. Physical abilities 

3. Perceptual abilities (including speed of perception) 

4. Psychoinotor abilities (including dexterities and athletic abilities) 

5. Mecthanical abilities 

6. Clerical abilities^^ 

7. Intellectual abilities (including n^^ 

8. Esthetic abilities (music, graphic arts, etc.) ^ 

9. Speed in different functions 

In addition, it should be recognized that various personal-social char- 
acteristics, which are beyond the scope of the present chapter, may 
have an important bearing on the individual’s success. 

It may be observed, in the list above, that the plural form has been 
used consistently. The reason is that an individual is seldom charac- 
terized by a unijorm level of aptitude within any given field. He may, 
for example, prove more dexterous in manipulating tweezers than in 
performing a complicated and delicate assembly job, or he may be 
much stronger in verbal intellectual functions than in mathematical. 

38 “Clerical abilities” are a composite or combinatioa of sensory, perceptual, 
iatellectual, and psychomotor fuactioas. la addition, attitudes favorable to 
speed and accuracy in clerical work are very important. Separate listing is given 
to clerical abilities becai^ the tests in this field are for the most part addressed 
to clerical abilities as such,, rather than to the component functions. 
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Failure to recognize such differences within the individiial is a serious 
mistake. ^^Intelligence” is probably more homogeneous than any of 
the other broad classes of ability mentioned above; but even here it 
is usually better to speak and think in terms of the components into 
which intelligence can be analyzed, than in terms of a single ^intelli- 
gence.” Statistical methods have shown that intellectual abilities can 
be classified into at least the following separate functions: verbal, 
numerical, spatial, verbal fluency, reasoning, and rote or “associative” 
memory. In addition, mental speed can be identified [7, 22] , although 
it is not likely that an individual’s speed in one type of function is very 
highly correlated with his speed in another. It must be added that 
analysis of the full register of human aptitudes is yet far from complete. 


Planning the Test 

A satisfactory test is fathered by planning and nurtured by experi- 
mental and statistical studies. Test planning is guided by many 
considerations, among which the following are clearly of dominant 
importance: 

a. What is the nature of the criterion? Is the criterion com- 
plex (divisible into several relatively independent components), or is 
it unitary? If complex, the test plan should either envisage a battery 
of tests or else aim definitely to measure only one specified aspect of 
the criterion; if unitaiy, the test plan can obviously be simpler. For 
example, flying a plane probably calls for a more heterogeneous, less 
highly intercorrelated group of aptitudes (intellectual, motor, and 
mechanical) than does, say, the study of social science; it follows that 
a wider variety of tests is probably needed for the selection of air- 
plane pilots than of social-science students. 

b. Is the test to serve as part of a battery of tests? If so, 
it is important that the test should not duplicate, i.e., not correlate 
highly with, the other tests of the battery; for if it does, it will make 
no significant contribution of its own to what the other tests already 
accomplish. Thus the addition of another verbal test to a college- 
entrance test already containing many verbal tests would probably 
not be efficient. 

c. What kind of aptitude does the test aim to measure? Past 
experience indicates, for example, that intelligence tests should gener- 
ally include a large proportion of verbal items or tasks, whereas 
psychomotor tests generally require the use of apparatus of one sort 

39 Except in tests designed for veiy young children or for foreign-born adults 
who have not acquired facility in English. 
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or another (in tliis field paper-and-pencil tests alone are definitely not 
adequate). 

d. Is THE TEST TO BE USED FOR ^^DIFFERENTIAL PREDICTION”? 

Recently a healthy interest has developed in differential prediction— 
the use of test scores to predict whether, and to what extent, an indi- 
vidual can succeed better m one field than another, e.g., engineering 
versus business administration. Any prediction is fallible; but when 
two predictions are involved (one for success in engineering, the other 
for success in business administration) , the difference between the two 
predictions is generally more fallible than either prediction alone. It 
follows that tests which are to be used in differential prediction must 
be more accurate than tests which will be put to less exacting use. If 
a ‘‘reliability coefficient” of .90 is set as the standard for ordinary 
aptitude tests, then a definitely higher coefficient, say .95, may be con- 
sidered the minimum acceptable for an aptitude test to be used in dif- 
ferential prediction. (The “reliability coefficient” is discussed in a later 
section.) 

e. Is THE INFORMATION FROM THE TEST TO BE CONSIDERED TENTATIVE 
AND AUXILIARY, OR FINAL AND EXCLUSIVE? If the former, a shorter 
and less elaborate test may be adequate, since presumably the test 
scores will be verified by a subsequent test (or by some other means) 
and interpreted in the light of supplementary information. 

f. What degree of importance attaches to the use op the test? 
Aptitude tests are, in general, used either for guidance or selection. 
The more important the decision involved, the more important it is that 
the test be carefully constructed, of adequate length, and thoroughly 
validated. Thus a test for college entrance has to be longer and more 
tliorough than, say, a test for the sectioning of children into a “high” 
versus a “middle” group in reading. 

g. ToAvhom will the TEST BE ADMINISTERED? Paper-and-pencil 
tests are generally inappropriate for preschool children or seriously 
retarded adults. In general, group tests cannot be successfully admin- 
istered to young children who have not yet learned to read well, to 
uncooperative or resistant “problem” children, or to adults who are 
seriously abnormal (retarded, deteriorated, or psychotic). 

h. How MANY INDIVIDUALS WILL BE EXAMINED ON THE TEST? TllC 
Army and the Navy, during the last war, had to examine millions of 
men. As a result, it was necessary to select or construct reasonably 
short paper-and-pencil tests that could be administered in large groups. 

i. How MUCH TIME CAN B'E DEMANDED OF THE INDIVIDUALS WHO WILL 

TAKE THE TEST? Many aptitude testers, if given a free hand, would 

The best-known of the paper-and-pencil tests aiming to measure psycho- 
motor Ximctions is the MacQuarrie Test for Mechanical Ability [2, pp. 37-38]. 
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require 2 or 3 days of testing time from each individual. In many 
school situations and in the armed forces during peacetime, this is both 
feasible and desirable. Ordinarily, however, the time available for 
testing is more limited. 

j. How QUICKLY IS THE TEST NEEDED? Paper-and-pencil tests 
can generally be constructed and tried out much more rapidly than 
apparatus tests. 

k. Lastly, what resources are available for test construction, test 
administration, test scoring, statistical analysis, determination of 
norms, and final interpretation of test results? If resources are limited, 
it may be better to plan a short “screening” test, rather than a more 
lengthy or definitive measure. 

As mentioned in a previous section, the tasks presented by an apti- 
tude test can be either novel or learned. The risk in using learned tasks 
is that some individuals, through no fault or lack of their own, may 
have suffered from severely limited learning opportunities. Despite 
this theoretical risk, learned tasks are frequently a successful part of 
an aptitude test, either because most individuals have enjoyed suffi- 
cient opportunity for learning, or because only individuals without 
aptitude fail to create or make use of opportunities for learning. Thus 
the vocabulary test can, in ordinary circumstances, serve successfully 
as part of an intelligence test. It is rarely desirable, however, to use 
only learned tasks in an aptitude battery: and the planners of an apti- 
tude test must make a “working guess” to what extent learned tasks 
should be included. 

Another problem in planning is to decide whether to measure (a) 
analyzed-out elements of ability, (6) whole functions, or (c) some- 
thing in between these two extremes. As an example of a test meas- 
uring a whole function we might mention a test of paragraph reading. 
In such a test, the individual is not ordinarily measured separately for 
perceptual responses, knowledge of vocabulary, etc.: all the functions 
of reading are measured at once. The Complex Coordination Test 
(Fig. 9) is an example of a test measuring, not specific elements, and 
certainly not the whole function of flying an airplane, but something 
in between. The pitch-discrimination test, used in tests of musical 
aptitude, is an example of a test measuring a fairly narrow, elemental 
ability. The choice between the measurement of elements versus 
larger functions will depend on the comparative success of these two 
types of measurement in the hands of previous investigators, on the 
adequacy with which the larger function can be analyzed into its ele- 
ments, on the degree to which the elements lend themselves to meas- 
urement, and on the intercorrelation between scores on the elements 
(the lower the correlation, the more important that each element be 
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measured separately). An advantage of the measurement of elements 
is that it provides information sujSiciently detailed to indicate why a 
person fails or succeeds; a disadvantage is that the measurement of 
numerous elements requires numerous tests and much time. Ideally, 
one would measure both elements and wholes. At the present time 
the measurement of elements is largely restricted to sensory functions 
and reaction time. 

In paper-and-pencil tests containing more than one kind of item, 
e.g., an intelligence test containing vocabulary items, sentence-comple- 
tion items, and arithmetical reasoning items, it is necessary to decide 
whether the items should be arranged in the form of subtests (each 
subtest containing only a single type of item), or in spiral omnibus 
form (one type of item following the other, in repeated cycles, with 
the items becoming more difficult as one progresses through the test). 
There is little empirical evidence concerning the comparative advan- 
tages of these two forms. If separate scores for the different kinds of 
items are desired, it is more convenient to organize the items into 
subtests. 

Still other matters that require consideration in the planning of a 
test are: 

a. Fokm OF ITEMS OR TASKS. Mention has already been made 
of the differing suitability of apparatus versus pencil-and-paper 
tasks for measuring different aptitudes, and the important practi- 
cal advantages of the paper-and-pencil form. In paper-and-pencil 
aptitude tests the multiple-choice item is the type most commonly 
employed. 

b. Difficulty of the test. In general, most of the items or 
tasks in an aptitude test should be of approximately ^‘50 per cent 
difficulty for the group of individuals to whom the test will be 

A more exact statement would take into account (a) the factor of guessing, 
by which an individual executes some items or tasks correctly despite lack of 
knowledge or ability; and (5) the factor of speed, by which an individual may 
fail to reach some items or tasks which he could have executed correctly, had he 
been allowed sufficient time. The speed factor can be eliminated by lengthening 
the time limit sufficiently. This is not always practical, however, because of 
the limited time available for testing; moreover, it is possible that excessively 
long (as well as excessively short) time limits may adversely affect test validity. 
In multiple-choice items, the factor of guessing may be taken into account by 
a formula for ‘^correction for chance”: 

: If 

Corrected score = E 

n— 1 

where R == number of items answered right, W « number of items answered 
wrong, and n =* number of alternatives in each item. For a test composed of 
two-choice items (such as a true-false test), ri = 2, and the formula reduces to 
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given; a few items or tasks should be harder, and a few should be easier. 
Some very easy items may be used at the beginning of the test in 
order to get the examinees off to a pleasant start; but in general, 
neither very easy nor very hard items serve efficiently in discrimi- 
nating among the majority of the cases.^^ 

c. Length of the test and number of ^‘scorable units/’ In 
planning the length of a test, twm basic considerations are (a) the 
degree of accuracy of measurement that is desired, and (6) the time 
available for testing. When time is severely limited, it may be neces- 
sary to abandon the measurement of ^^wholes” (which provide rela- 
tively few scorable units) and resort to the measurement of elements; 
thus, a 15-minute reading test will generally yield unreliable results, 
whereas a 15-minute vocabulary test containing numerous separate 
items will generally yield highly reliable scores. Of course, a vocabu- 
lary test does not measure exactly the same aptitude as a reading test, 
and it is an open question whether the test constructor should insist 
upon getting the time needed for his original purpose. Frequently, 
how^ever, the limitation of time is inherent in the situation and 
inescapable. 

d. Time Limits, If the test is to be administered by persons com- 
paratively untrained in testing, it is desirable that the time limits be 
set in terms of large, familiar units, such as quarter-hours or, at the 
finest, 5-minute intervals. The shorter the time limit, the greater is the 
proportional error if somewhat too little or too much time is allowed 
by the test administrator. In general, the time limit for the tryout 
of a test should be longer than that for regular administration, because 
it is desirable, in the tryout, that all or nearly all individuals answer 
all items, including those at the end of the test. Although the time 
limit for the regular administration of the test can be kept the same as 
in the tryout, experience suggests that a shorter time limit results in 
more efficient use of the available testing time, in the sense that more 
tests can thus be crowded into a given testing period. Experimental 
study is needed to determine to what extent aptitude tests can be 

ly. Thus if, in a 100-item true-false test, the average individual answered 
75 per cent of the items right and 25 per cent of the items wrong, the corrected 
average score (which in this case is also the corrected average difficulty of the 
test, or the corrected average item-difficulty) would be 75 — 25 «= 50 per cent. 
It should be noted that W in the formula refers to the number of items actually 
answered wrong; it does not include items that were omitted or never reached by 
the examinee. 

42 For certain special purposes a departure from the 50 per cent rule is desir- 
able. Thus, in the examination of scholarship applicants, where the purpose is 
to differentiate only among the very superior, the test should contain a much 
larger proportion of difficult items. 
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“speeded” by short time limits without causing significant loss in test 

validity. 

e. Scoring. The two chief problems under scoring are, first, 
whether to ^‘correct for guessing” by penalizing individuals for wrong 
answers; and, second, whether to obtain one or more scores from the 
test. The current practice, in general, is to avoid true-false items, 
which are especially subject to guessing-effects, and to allow a reason- 
ably ample time limit, so that a majority of the examinees can genu- 
inely attempt each item, instead of being forced to make a series of 
quick guesses toward the end. Under these circumstances the quick 
and simple scoring procedure — based simply on number right, without 
any correction for guessing — becomes justifiable. Whether more than 
one score should be obtained from the test depends on whether the 
test is composed of homogeneous or disparate tasks. 

Considerable space has been devoted in this section to the planning 
of the test, because in practice the /inal version of a test is generally 
rather closely similar to the first. The best tests are a product of 
sophisticated planning, clever and conscientious construction, and ade- 
quate trial. Each of these steps calls for knowledge, experience, and 
insight. 


Test Construction 

Test construction gives concrete expression to the test plan. The 
various steps in test construction are presented briefly below. 

a. Preparation of items or tasks. Apprenticeship, example, 
and experience seem to furnish the chief guides to aptitude-test con- 
struction. Detailed and explicit rules have been drawn up for the 
preparation of achievement-test items [12, 16], but these rules fre- 
quently require basic modification for aptitude-test purposes. Such 
aptitude items as are constructed must, of course, conform to the test 
plan, with respect to type of content, form, average level of difficulty, 
range of difficulty, etc. A modersite surplus of items is constructed in 
order to permit the selection of what appear to be superior items, and 
the replacement of items subsequently rejected in the process of editing 
or on the basis of actual trial. 

b. Organization op items into sxjbtests or cycles If more 
than one kind of item or task is included in the test, the items are 
generally organized into subtests or cycles (see page 518). In any 
case the items are arranged in order of estimated difficulty, from easy 
to most difficult; this is essential, since otherwise an individual might 
spend a great deal of time working on difficult items that appear early 
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in the test, while failing, through lack of time, to attempt later, easier 
items that he could have answered correctly. The niiiriber of items 
included in the test or subtest depends on several factors, which iiiiist 
be estimated either in advance or on the basis of previous experience ; 
(1) the irnportanee or value of tlie test, (2 ) the number of items needed 
to obtain a reliable, dependable score, and (3) the “attrition” due io 
rejection of items as a result of editing or actual trial 

c. Editing. The purpose of editing is to examine the test criti- 
cally, eliminate defects, and make improvements. Such questions as 
the following are considered in editing: (1) Does the item or task 
appear valid; i.e., will it measure what the test or subtest is intended 
to measure? (2) Is the item or task unambiguous? (3) Is the 
scoring key correct; i.e., is the supposedly correct answer or perform- 
ance the only one which is justifiable or proper? (4) Does the test 
hit the appropriate difficulty level? (5) Is the test correct In all 
formal aspects (grammar, punctuation, spelling, and format) ? 
Finally, all other aspects of the test are edited, particularly the direc- 
tions for administration and the directions for scoring (see below). 

d. Preparation of test manual. A motto of the Adjutant 
General’s Office in World War II was: “The manual is part of the 
test!” The manual includes directions for administering, timing, 
and scoring the test. Unless these directions are clear and adequate, 
uniformity is impossible, with resulting injury to the validity of the 
test and injustice to individual examinees. A well-prepared manual 
insures that examinees will be (1) warned not to spend too much time 
on any one item, (2) advised to attempt items in consecutive order, 
(3) told whether to guess at items concerning which they are uncer- 
tain, and (4) given as clear an indication as possible of the relative 
importance of speed versus accuracy. 

e. Preparation of answer sheets and scoring keys. In most 
modern paper-and-pencil tests answers are recorded not in the test 
booklet but on a separate answer sheet. The preparation of the test 
manual, answer sheets, and scoring keys constitutes the final “con- 
structive” steps in the preparation of a test. Additional steps include 
preparing copy for the printer and checking printer’s proofs to insure 
that the final test is free from error. 


Tryout^ Statistical Analysisi and External Validation 

Once an aptitude test has been constructed, the prime question is: 
How can we be sure that the test is any good? If it is granted that 
die test was well planned, and the plan cleverly executed, the question 
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still remains whether we have on our hands merely a well-planned 
and clever mistake. Evidence on the worth of a test is obtained by 
trial, statistical analysis, and external validation. These processes 
are described below. 

Teial. The tryout of a test may be divided into three steps: 
(1) sampling, (2) administering, and (3) scoring. Under sampling, 
two essentials of method are: First, the sample subjects chosen for 
the tryout must, so far as possible, be similar to the group for whom 
the test is devised. Thus, if the test is devised for broad use through- 
out the country, it would be risky to select subjects from only one 
school system or only one region of the country, since such a selection 
might not be representative of the total group for whom the test is 
designed. Second, the sample must be large, if dependable findings 
are to be obtained. No uniform rule can be given for the minimum 
acceptable size of the sample, since this differs according to various 
technical considerations (such as the nature and extent of the subse- 
quent statistical analysis of the data). Good practice frequently sets 
about five hundred cases as the minimum. 

It goes without saying that the administration of the trial test must 
be as carefully and uniformly conducted as that of the final test. 
Uniformity in directions to the examinees is essential, and other con- 
ditions of the trial — such as seating, illumination, and acoustics- 
must be as consistent as possible. The administration of the trial test 
presents a good opportunity to observe whether the directions are 
easily and correctly understood, and whether the test stimulates interest 
and elicits cooperation. In order to obtain information regarding 
the proper time limit for the test (or time limits for the separate parts 
of the test), the examinees may be asked at stated time intervals to 
encircle the number of the test item on which they are working. 

A special requirement of an aptitude test is that it be only slightly, 
if at all, affected by differences in practice or experience. For this 
reason it is desirable to revest at least a part of the tryout sample 
about a week or two after the original testing, in order to determine 
the degree to which practice effect operates. Practice effect on most 
verbal intelligence tests is generally practically negligible, but this 
seems less true for tests of psychomotor and mechanical aptitudes. 

If it is intended to discover to what extent individuals are stable or 
consistent from one occasion to the next in their responses to the test, 
it is again necessary to retest at least a portion of the total sample, 
but this time at an interval that will discourage memory or practice 
effects (say 2 or 3 months). With an immature sample the interval 
must not be so long that growth effects become sufficiently great to 
obscure the findings on response consistency. 


The scoring of a modern aptitude test is ordinarily a routine matter. 
In trial tests administered with a time limit, it is becoming more cus- 
tomary to note the point in the test beyond which the individual 
failed to attempt any more items. To the extent that this point 
varies from one individual to the next, it is likely that differences in 
speed among individuals played a part in determining differences in 
test scores. 

Statistical analysis. The data collected by the tryout are fair 
game for statistical analysis — an indispensable part of the method of 
appraising tests. Statistical techniques are used also in determining 
the “external validity” of the test; but more of that later. 

The first step in the statistical analysis of test results is to prepare 
a frequency distribution of the test scores. ^ 3 This is nothing more 
than a listing of the number of subjects earning each score on the 
test. Figure 12 is the graph of a frequency distribution of scores made 



Score 

Fig. 1 2. Distribution of scores on general classification’^test. 

by 500 naval recruits on the United States Navy General Classification 
Test [4] ; the lowest possible score on this test is 0, and the highest 
possible is 100. It will be observed that: (a) the greatest concentra- 
tion of cases in Fig. 12 occurs at the middle scores; and (b) the 
number of cases decreases as one proceeds from the middle to the 
extremes of the distribution. From the graph it is clear that (c) in 
the sample tested there is plenty of “top” or “ceiling” to the test, i.e.,. 
very few cases make perfect or nearly perfect scores; similarly, there 
is plenty of “bottom.” All three of these characteristics are generally 
considered favorable in a mental test. 

A fundamental requirement of a test is that it measure consistently 

43 If the test is composed of subtests, a frequency distribution is, of course, 
required also for the scores on each subtest. 
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whatever function it is measuring. There are generally two sources 
of inconsistency: (a) response error, fluctuations in the response of 
the individual to the same or equivalent items from one occasion to 
another; and (b) content inconsistency, i.e.y lack of homogeneity in 
the content of the test. Thus a vocabulary test that included the 
words hemoglobin (from biology), trudgeon (from swimming), corre- 
lation (from statistics), and paradox (from general reading) would 
obviously be lacking in content homogeneity. Response error is com- 
paratively seldom measured as such, mainly because this type of 
inconsistency is generally considered only a minor disturbing factor 
in most aptitude tests. The over-all consistency of measurement 
by the test is usually determined by means of the reliability coefficient. 
The simplest and most common method of determining the reliability 
coefficient is as follows: The individual is scored first on all the odd- 
numbered items of the test, and second on all even-nnmbered 
items. The correlation is calculated between individuals^ scores on 
the odd-numbered items and their scores on the even-numbered items. 
This odd-even correlation shows to what extent the odd-numbered 
half of the test yields results similar to those of the even-numbered 
half. To find out to what extent the lohole test would agree with 
another (hypothetical) similar test, a statistical correction, called the 
Spearman-Brown correction, is applied.'^'^ A good aptitude test is 
generally expected to have a reliability coefficient of at least .90. The 
best intelligence tests, requiring an hour or somewhat less of wmrking 
time, generally meet or surpass this minimum. Tests used in industry 
and business are frequently very brief (15-20 minutes) and are likely 
to fall definitely below .90 in reliability. 

At least two other steps are carried out in the statistical analysis 
of a test. Usually a test is composed of two or more subtests, and the 
test itself may be part of a battery of other tests. The correlation 
must be calculated between the subtests, and also between the test 
and the other tests of the battery. In subtests demgned to measure 
different facets of a given aptitude, it is generally considered desirable 
that the intercorrelation be fairly high (about .70-.85), but not so 
high that one subtest merely duplicates the other, Correlations 
between different tests, however, should be as low as possible, so that 

This process is explained and illustrated in any standard textbook on 
I)sychological statistics. The student may refer to Reference 15. 

What seems wanted is a reliable total score, derived from measures of 
\'arying but not disparate functions. Thus a verbal score based on 100 opposites 
ifoms wmuld be reliable but narrow; a verbal score based on, say, 30 opposites, 
25 sent,ence completions, 25 analogies, and 20 proverbs might be preferable. The 
ultimate check on the comparative merit of the two total verbal scores rests, 
of course, on the correlation with the criterion (see pages 525-529). 
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each individual test will make its own contribution to predicting 
subsequent performance, with a minimum of functional overlap or 
duplication between the different tests. 

Finally, there is the task of studying the mdtvidiial items in each 
test or subtest. For each item it is customary to determine (a) its 
difficulty (in the sample tested), and (b) the correlation belweet! 
success on the item and score on the subtest of which it is a part. 
(If the test is not organized into subtests, the correiatioii is calculated 
between success on the item and score on the total test.) The diffi- 
culty (or rather the ease) of an item is usually determined simply by 
finding the percentage of persons who answered the item correctly. 
A slower procedure, preferred by some because of its probably greater 
validity, is to determine first the number of subjects who attempted'^^ 
each item; the difficulty level is then defined as the percentage of 
successful attempts. Thus, if 400 individuals attempted an item, and 
250 answered it correctly, the difficulty (or rather the ease) of the 
item would be at thS 250/400 or 63 per cent level. The correlation 
between each item and score on the subtest of which the item is a 
part is usually determined by the statistical technique of biserial cor- 
relation (or some modification thereof) . This is a technical procedure 
wdiich cannot be discussed here (see reference 15). In selecting items 
for the final form of the test, those with a low^'^ biserial correlation 
are rejected, on the ground that they are not measuring what the 
other items in the subtest are measuring. 

Only a few items with very low or very high difficulty values ai-e 
retained in the final test. In general, no item is retained which is 
passed by fewer than would be expected to answer it correctly by 
chance. Thus, in a four-choice item, where 25 per cent of the group 
could answer an item correctly by chance, no item would ordinarily 
be retained which is answered correctly by few^er than 25 per cent 
of those who attempt it. 

External validation. The chief problem in gold mining is to 
find the gold, and the chief problem in the external validation of a 
test is to find good, valid, specific external criteria. ^'Success on the 
job^^ is seldom the best criterion, because no test can be expected to 
measure all aspects of success; moreover, such a general and usually 
ill-defined concept as success on the job is itself, in most cases, 
extremely difficult to measure objectively and adequately. Perhaps 
the first rule in test validation is that the test must be appraised in 
relation to the particular purpose for which it was designed. If, for 

An individual is considered to have attempted a given item if he answered 
it or if he answered any item beyond the one in question. 

The definition of ‘low” varies somewhat pragmatically, according as one 
has a large or a small supply of items with higher biserial correlations. 

525 



example, its purpose is to predict a student^s average academic per- 
formance in college, it is no valid criticism of the test that it fails to 
measure the student’s interest in his work, or his personal-social adjust- 
ments in college, or his money income 5 years after graduation. It 
would be fine, indeed, if some wonder test were devised which could 
measure ^^all things for all men.” There is no such test. Good testing 
77ieans more testing, in the sense that many tests are likely to be 
needed to make the various appraisals, diagnoses, and predictions that 
are wanted. 

Besides asking the question, '^Good for what?” it is necessary to 
ask, “Good for whom?” Thus, an intelligence test standardized on 
individuals who have had a “normal” educational and experiential 
background, would have only limited value or require special inter- 
pretation if applied, say, to canal-boat children not attending school, 
or to “submarginal” mountaineers with little schooling and seriously 
restricted intellectual experience. Similarly, the Minnesota Mechani- 
cal Assembly Test could not be validly applied to persons with 
unusuah experience in the assembly or repair of common mechanical 
gadgets. 

The external criterion usually employed in validating intelligence 
tests is either school grades in academic subjects, or scores on achieve- 
ment tests in academic subjects, or both. In line with the current 
tendency to distinguish between verbal versus numerical or mathe- 
matical aptitude, it is desirable also to obtain specific measures of 
school achievement, such as grades in English and history (verbal 
subjects) versus grades in mathematics. Of course, both grades 
and achievement-test scores reflect a student’s interest, effort, appli- 
cation in a course, as well as his intellectual aptitude; to this extent, 
grades and achievement-test scores must be considered inadequate as 
criteria. It would be more appropriate, in the validation of intelli- 
gence tests, to exclude students who, by their own admission and the 
testimony of their teachers, failed to apply themselves to their 
■course work.' '■ . 

In general, the correlation between scores on a good, reasonably 
long intelligence test, requiring 1 or 2 hours for administration, and 
average college grades is about .50; when achievement is measured 
by good objective tests of adequate length, the correlation between 
intelligence-test scores and average college achievement rises to about 
.60. The correlation with achievement in elementary or high school 
is generally appreciably higher than with achievement in college, 

One reason for the lower correlation with college achievement is the greater 
restriction in range of ability among college students. Such restriction in range 
tends to lower the validity coefficient of a test in somewhat the same fashion as 
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For tests of aptitudes other than intelligence, the criteria commonly 
used include quantity of output; quality of output (accuracy; free- 
dom from errors, imperfections, or spoilage) ; freedom from accidents; 
job knowledge; trainability, learning ability, or ^^general aptitude” on 
the job; permanence in the position (as contrasted with discharge for 
inability) ; and rise in salary or rank. These criteria are obviously not 
of equal merit; for example, permanence in the position is not so valu- 
able a datum as quality of output. Ideally, of course, one would make 
use of multiple j specific, objective criteria. In business and industry, 
supervisors’ and foremen’s ratings constitute the usual criterion; but 
such ratings tend to be of very uneven quality, depending on degree 
of familiarity wdth the individual’s work, the standards of the super- 
visor or foreman, and many other factors. Sometimes the test scores 
of two extreme groups (one known to be definitely superior, the other 
definitely inferior) are compared; a large, reliable differentiation of 
the two groups is evidence that the test is valid. Sometimes, again, 
another test is employed as the criterion for a new test. Such “circu- 
lar validation” is occasionally justifiable, especially if the test 
employed as a criterion has been well validated, and if a more direct 
criterion can be obtained only wdth long delay and great expense. 
Ultimately, test validity must rest on correlation wdth direct criteria 
which are themselves of acknowledged soundness and validity. 

The best studies of test validity undertake to determine not only 
the correlation of a test with specific, well-defined aspects of the 
criterion, but also the unique contribution of the test. Thus, although 
a clerical test may be valid in itself, it may add little to what is 
already knowm about an applicant through inspection of his record 
in a w^ell-managed commercial high school. 

Another quality wdiich is being increasingly required of an aptitude 
test is that it be serviceable for differential prediction. Educational 
advisers, personnel managers, and the Army and Navy all are in need 
of instruments which will validly indicate whether John Smith is 
better suited for course A or course B, position M or position N, 
specialty X or specialty Y. 

The whole process of trial, statistical analysis, and external valida- 

restriction in the range of differences among contestants at a beauty show tends 
to render the judges’ decision more difficult and, in consequence, less valid. 
Probably another reason is the greater '^specificity” of both intelligence and 
achievement at the. college leveb i.e., the fact that different intelligence sub tests 
correlate lower with each other at the college level than at earlier levels, and 
similarly the fact that grades in different courses correlate lower with each other 
at the college level. Students interested in pursuing this subject are recom- 
mended to the works edited by Monroe and Conrad respectively. (See general 
references under Suggested Beading at the end of the chapter.) 


tion has as its main purpose the collection of evidence answering the 
questions: Is this test practical (with respect to administration and 
scoring)? Is it valid f There is, however, one other important pur- 
pose: to achieve a better understanding of what the tests and their 
items measure, and also a better understanding of the nature and 
limitations of the criterion employed. In illustration of the latter 
point may be cited a study of grades in a certain trade school. 
Although the emphasis of the school w^as supposed to be on the actual 
operation and repair of equipment, it was found that an entrance test 
of arithmetical reasoning correlated higher with instructors’ marks 
than either an entrance test of mechanical aptitude or one of mechani- 
cal knowledge. Further investigation showed that the instructors 
were allowing grades in shop mathematics to have an inordinate influ- 
ence upon final term marks. 

Lest it appear that the processes of trial, statistical analysis, and 
external validation represent merely formal requirements glorified by 
academic theoreticians, w^e present below a list of the items in the 
first and last published forms of the AAF Qualifying Examination (pre- 
pared for the preliminary selection of flying officer-personnel in the 
Army Air Forces [6]), It can be seen at a glance that the last test 
differs markedly from the first. As more validity data are accumu- 
lated and additional insights gained, it is quite likely that still further 
changes — in content, administration, timing, or scoring — will be made 
in this test. The following quotation on the validity of the AAF Quali- 


N UMBER OF Items 


Type of Items 

Initial Test 

Last Test* 

General vocabulary 

45 

0 

Technical vocabulary 

0 

5 

Reading comprehension 

15 

15 

Contemporary affairs 

30 

0 

Pilot aviation information 

0 

20 

Driving information 

0 

10 

Plying information 

0 

10 

Vocational and avocational information 

0 

5 

Hidden figures 

0 

25 

Mechanical comprehension 

15 

55 

Practi cal j udgment 

15 

5 

Mathematics 

30 

0 


'’'This was the last form published during the war. Seven types of items not 
listed in the table were employed in forms of the (examination between the first 
and the seventeenth. 

fying Examination may be of interest at this point: . in an ex- 

perimental group of 1,003 essentially unsclected applicants for pilot 


training; 35 per cent of the 598 who obtained at least a passing mark 
[on this test] graduated from advanced pilot training; Avhile only 
11 per cent of the 405 men who failed to attain a passing mark on the 
same test graduated from advanced pilot training” [6, p. 231]. 


Revision 

At any point after the tryout the test may undergo revision. It 
iSj of course, one of the main purposes of the tryout and subsequent 
statistical analysis to reveal the weak spots of the test and to suggest 
possibilities for improvement. Revision may affect the directions, the 
time limits, the individual items, the organization of items into sub- 
tests, the sequence of items within the subtests, the average difficulty 
of the test, the range of difficulty of items in the test. The test is 
usually shortened in revision through the exclusion of items or sub- 
tests shown to be inferior or defective. 


Norms 

Suppose that John Smith is informed that he has answered cor- 
rectly 80 items of a verbal-aptitude test; he may fairly ask, “Is that 
good?” Such a question illustrates the need for noi'ms. Norms are 
obtained by administering the test to a large sample of individuals 
similar to those for whom the test was devised. The most common 
type of norm for aptitude tests is the percentile norm; this simply 
states what percentage of cases (of a given age, or in a given group) 
falls below a particular score. If, for example, 90 per cent of gradu- 
ating high“Sehool seniors made a verbal-aptitude score below 80, then 
Smith’s “percentile score” (in reference to graduating high-school 
seniors) would be 90, which is ordinarily considered quite good. Of 
course, Smith’s percentile score in a group of college students would 
be lower than 90, because the competition is keener in the college 
group, i.e., the average verbal-aptitude score is higher. This illus- 
trates the relativity of norms — which, incidentally, is one of the basic 
reasons for the necessity and usefulness of norms. 

A type of norm which takes into account two variables at the same 
time is the intelligence quotient- Here the individual’s performance 
on a mental test is expressed in terms of “mental age” (thus, a child 
whose performance is at the level of the typical 12-year-old would be 
given a mental age of 12) ; and the mental age is divided by the per- 
son’s chronological age to yield the intelligence quotient or IQ. The 
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formula for the IQ is: 


where MA refers to mental age, and CA to chronological age. Thus, 
in our example, if the child with the MA of 12 were only 10 years 
and 2 months old, his IQ would be 100 (144/122 months), or 118. 
The accomplishment quotient (AQ), which compares educational 
achievement with intellectual ability, is obtained in a manner similar 
to the intelligence quotient. Exceedingly accurate measures of both 
educational achievement and intelligence are necessary if an accurate, 
dependable determination of the accomplishment quotient is to be 
obtained. In passing, it should be pointed out that not all IQ’s (or 
AQ’s) are comparable; an IQ of 120 on one test may not have the 
same meaning as an IQ of 120 on another test. The discrepancy 
arises mainly from differences in the detailed nature of the functions 
measured by the different tests. 

At the present time it is fairly common to plot a graph of all the 
test scores made by an individual (the original or ^h^aw” scores being 
first converted, ordinarily, to percentile scores). Such a graph is 
called a test “profile.” In interpreting a test profile, not only the 
level of the individual’s scores is taken into account, but also differ- 
ences between scores. Norms of the differences between scores are 
rarely available. This appears to be a serious lack in our aptitude- 
test resources. 


Combining Scores from Different Tests or Measures 

It is common for the scores on a test to be combined with informa- 
tion from other sources, in order to obtain theAest possible prediction 
of an individual’s performance on the criterion. If properly executed, 
such a combination of measures is never less efficient than the most 
valid single measure in the combination, and sometimes is appreciably 
more efficient. If poorly executed, however, it is possible that the 
additional information, instead of supplementing or strengthening a 
good test, will serve merely to dilute or weaken it. The problem is 
one of weighting, i.e., of seeing that each test or measure is allowed 
to exert its proper influence or weight in the total or composite score. 
If all the data are quantitative, the technique of multiple correlation 
[15] is applicable, except in unusual circumstances, and supplies the 
proper weights. One then multiplies the score on each test or variable 
by its proper weight and obtains the sum of these weighted scores; 
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this weighted sum will correlate higher with the criterion than a sum 
obtained with any other set of weights. Sometimes, however, the data 
are not all quantitatively expressed. Thus, when an interviewer 
evaluates a person’s test scores in the light of the subject’s ^^background, 
education, training, and interests,” formally quantitative measures of 
background, education, training, and interests are seldom available. 
The final outcome, ordinarily, is a net rating by the interviewer of 
the estimated over-all merit of the individual; this rating may be 
expressed on a three-point scale (“below average,” “average,” “above 
average”), on a five-point scale, or on a scale containing still more 
steps. In any event, it is highly important to determine empirically 
whether the final, net rating yields results better than could be 
obtained by the quantitative test data alone> In one well-authenti- 
cated study [5]', based on 3496 cases, it was found that a combination 
of scores on an arithmetical reasoning and an electrical knowledge 
test correlated .50 with grades in a school for electrician trainees; 
whereas the interviewers’ net ratings (based on the test scores, plus 
consideration of the individual’s background, education, experience, 
and interests) correlated only .41 with grades. Evidently a good deal 
of effort was spent to reduce the validity of prediction! Nor did the 
interviewers’ ratings seem to lead to the selection of men better 
qualified in personal-social characteristics. Such a study emphasizes 
again the importance of empirical validation. 


STABILITY OF TEST SCORES 

The longtime usefulness of an aptitude test is increased if indi- 
viduals’ scores on the test are stable from one year to the next. Thus, 
it is generally agreed that intelligence tests taken during the junior 
year of high school are as useful for predicting college aptitude as 
tests taken at the end of the senior year, and some authorities say the 
same for tests taken in the seventh grade of elementary school. Such 
longtime stability enables earlier planning. In general, the longtime 
stability of aptitudes other than intelligence has not been thoroughly 
investigated.' 


FACTOR ANALYSIS 

The number of separate aptitude tests that have been constructed 
or that can be constructed is legion. Confronted with a bewilderingly 
large number of tests, one may on a priori or on “logical” grounds 
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classify some tests as measuring intelligence, others as measuring 
spatial ability, etc. But a 'posterion ^vooi is required before such a 
classification of tests or aptitudes can be accepted. The identification 
and classification of aptitudes are properly experimental and quanti- 
tative undertakings. 

Among quantitative methods ‘fi'actor analysis’’ is only one—and not 
necessarily the most convincing one. Probably experiments which study 
the effect of specific training or of transfer of training are more con- 
vincing than factor analysis. Such experiments, however, are time- 
consuming; moi^eover, the results may sometimes themselves be best 
interpreted with the aid of factor analysis. Factor analysis is by 
no means opposed to other methods for the better identification and 
understanding of what a test measures. 

The method of factor analysis is undeniably technical from a sta- 
tistical point of view; in essence, however, the logic of the method is 
simple. The most natural way to determine what a test measures 
is to find out (a) with what variables the test is correlated, and (5) 
with what variables the test is uncorrelated. (Of course, correlation 
is a quantitative affair: it is not merely present or absent but can 
vary between +1 and —1.) If one determines the correlations 
among a number of tests, he is likely to observe some similarities and 
differences in those for the various tests — and thus to arrive at an 
improved understanding and classification of this group of tests. An 
early study by Schneck [17] may serve as an example. Schneck 
applied nine tests to 210 students in a college class in general psy- 
chology. The tests included (a) vocabulary, (5) opposites, (c) 
analogies, (d) sentence completion, (e) disarranged sentences, (/) 
arithmetical reasoning, (^) number-series completion, (h) equation 
relations, and (f) mental multiplication. Schneck observed that the 
verbal tests had an average intercorrelation, each with the other, of 
.49; the n'ammcal tests had an average intercorrelation, each with 
the other, of .34 ; but the average “cross correlation’^ between the 
verbal and the numerical tests was only .14. From such results it is 
a fair “hunch,” which Schneck verified by suitable statistical analysis, 
that (a) a verbal-ability factor underlies the first five tests; (6) a 
number-ability factor underlies the next four tests; and (c) a low 
degree of correlation prevails between the verbal and numerical factors. 

Schneck’s problem was a simple one. Had the number of tests 
been, say, 57, as it was in a study by L. L. Thurstone, a mere inspec- 
tion or calculation of average intercorrelations could not possibly 
disentangle all the interrelations in such a large table of correlations. 
(With 57 tests, the number of correlations is (57 times 56) /2, or 1596.) 
Using statistical methods devised largely by himself, Thurstone [19] 
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found seven clear factors among the 57 tests: F (verbal ability), N 
(facility in simple numerical operations), S (spatial visualizing in two 
or three dimensions), W (fluency in producing unconnected words 
that meet certain restrictions or requirements) , P (perceptual speeds, 
or ‘'facility in perceiving detail that is imbedded in irrelevant mate- 
rmV’), M (rote memory), and I (inductive reasoning). Two other 
factors were also tentatively identified. No general-intelligence factor 
was found in this study, conducted wuth college students as the sub- 
jects. In a later study of a large sample of children in the eighth 
grade of elementary school, L. L. and T. G. Thurstone [20] did 
observe a general-intelligence factor, which they interpreted as 
accounting for the positive correlation prevailing among the other 
factors. A study of a sample of adults by the War Manpower 
Commission [22] also revealed a general-intelligence factor, besides 
most of the other factors identified by L. L. Thurstone. 

It is impossible, within the limited space of a brief chapter, to 
discuss factor analysis at much greater length. The method, while 
uniquely valuable, is not a panacea. Certainly it does not replace 
shrewd observation and interpretation, nor does it in any ^vay reduce 
the need for clever test construction. Three major limitations of 
factor analysis may be noted: (a) There is some disagreement con- 
cerning the best statistical methods to be employed in factor analysis; 
experimental, statistical, and mathematical studies are needed to settle 
this issue. (6) So far, it has not been possible to find or construct tests 
which provide pure measures of the factors; this leads to serious limita- 
tions and complications [18, pp. 102-129]. (c) Factor analysis yields 

statistical results, i.e., results w^hich are true on the average, but ^vhich 
may not apply to any particular individual. This last objection w'ould, 
of course, apply to practically all statistical findingvS. In defense, it 
may be pointed out that the average has its own intrinsic importance, 
and that the study of an individual proceeds most safely and judi- 
ciously if a background of the normal (as expressed in the statistical 
average) is kept in mind- 

EFFECTUATING FACTORS 

It would be a mistake to suppose that aptitudes exist or operate in 
splendid isolation from the rest of the ])ersonality. It seems o!>vions 
that interest, aspirations, effort, and persistence play a part in effectu- 
ating a person^s aptitudes. Aptitude tests are useful in determining 
those who can; they are generally of negligible value for determining 
those who can but won’t. In long-time follow-up studies of validity, 




another factor is the opportunity to make good. Opportunities are 
not always distributed with even-handed justice; and various personal- 
social skills are required in order to hang on to a favorable opportunity 
once it has been been gained. All these factors tend generally to blur 
the relation between aptitude-test scores and performance on the 
criterion. Obviously, some control of these “effectuating factors’’ is 
desirable in any validity study of aptitude-test scores. 


USES OF APTITUDE TESTS 

Aptitude tests are used in educational guidance and (at the college 
level) in educational selection; in occupational guidance and occupa- 
tional selection; in recreational guidance (especially in the field of 
music) ; and in personal counseling. Numerous administrative uses 
are made of aptitude tests ; thus, school superintendents expect a higher 
level of performance from schools in which the children are character- 
ized by superior aptitudes. During World War II the Army and 
Navy made extensive use of aptitude tests, and devoted considerable 
effort toward producing additional tests especially suited to their 
needs. Aptitude tests also have a bearing on social issues, such as 
immigration and various social-class distinctions (the Hitlerian dogma 
of the superiority of an “Aryan race” was clearly disproved by the 
evidence from aptitude tests). Most important, fundamentally, is 
the use of aptitude tests for purposes of investigation or research. Ap- 
titude tests are used in research on the nature of human abilities and in 
the study of motivation, learning, delinquency, and other psychological 
issues. Aptitude tests are also of basic or accessory importance in re- 
search on numerous educational, industrial, military, and social 
problems. 


TRENDS 

Certain trends in the investigation and appraisal of aptitudes are 
worth noting. The following discussion is limited to aptitude tests, 
rather than ratings, records, interviews, etc., because tests are generally 
the most useful and economical means of aptitude measurement. 

In the first place, aptitude tests appear to be enjoying an increase 
in public recognition and acceptance. Concomitantly with this gain 
in status, the scope of measurement has expanded beyond the field of 
intelligence to include such areas as mechanical aptitudes, motor 
coordination, and administrative or executive aptitudes. In this 
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process of expansion, the distinction between aptitude and achieve- 
ment has not been so carefully respected as in the older field of intel- 
ligence testing. This seems a step backward. 

An outstanding advance has been the increased recognition of the 
specificity or distinguishable components of intelligence and other 
aptitudes. The chief credit for this goes to the technique of factor 
analysis; the development of factor-analysis techniques has been an 
outstanding accomplishment. The use of factor analysis in the study of 
aptitude tests has continued to increase. 

The adaptation of tests to machine scoring continues. However, 
some new tests are appearing w^hich in their present form cannot be 
scored by machine; these are mainly tests of fluency in writing and 
in the production of ideas. Whether machine-scorable items can be 
devised that will be useful for the measurement of fluency-abilities 
remains to be seen. 

A healthy emphasis has been growing on the importance of obtain- 
ing better external criteria for the validation of tests. The Army 
Air Forces made an outstanding effort to carry through long-term 
validation (from initial examination to performance in each of the 
successive training schools and finally to actual combat) . It remains 
to be seen to what extent this splendid wartime example will bear 
peacetime fruit. 

The statistical analysis of tests has improved considerably. Sam- 
ples are larger; attention is being paid to the effect of the speed 
factor on measures of reliability and validity; and item analyses are 
being more widely and adequately conducted. 

Taken altogether, the trends which have been noted add up to 
what may be termed an increasing institutionalization of aptitude- 
testing research. Research has become a longtime and expensive 
affair, which no ordinary individual is able to manage alone. In this 
respect aptitude-testing research es similar to medical research, 
atomic research, and industrial research. Although the individual is 
ever the source of original ideas, the execution of these ideas generally 
calls for the combined, coordinated resources of a complete organiza- 
tion, The day of the individual man, pitting his abilities against 
ignorance and falsehood, is gone. It would be well if this fact "were 
more widely recognized and accepted. 


SUMMARY 

Aptitude refers to potential achievement. Tests, rather than rat- 
ings, interviews, or records, are the principal means for the practical 
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appraisal of intelligence and other aptitudes. Pages 504-513 provide a 
few illustrations of the various types of tasks included in aptitude tests. 
The preparation of an aptitude test is a lengthy process which starts 
f with a job analysis, and proceeds through the steps of: planning the 

test; constructing the test; giving the test a trial in an appropriately 
! drawn sample; analyzing the data obtained by the trial; revising the 

test; validating the test against a suitable external criterion (or 
against suitable external criteria); preparing norms; and determining 
the proper weights for combining the test scores with other measures. 
: The technique of factor analysis is uniquely valuable for the identi- 

fication of basic aptitudes. Certain limitations of factor analysis were 
noted in the text. 

It is important to realize that aptitudes do not exist or operate in 
splendid isolation from the rest of the personality. Aptitude tests are 
designed to discover ^^those who can/’ but are of negligible value for 
identifying “those who can, but won’t.” 

Among the important trends in aptitude testing are: an increase in 
public recognition and prestige; a continuing expansion to fields beyond 
intelligence; improved statistical analysis; the development of factor- 
analysis techniques ; emphasis on the distinguishable components of 
intelligence and other aptitudes; and emphasis on the importance of 
obtaining better external criteria for the validation of tests. 
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Chapter 1 8 


investigating and Appraising 
Personality 

Saul Rosenzweig^ 


PSYCHOLOGY AND PERSONALITY 

The definition of personality, as distinguished from other areas of 
psychological interest, has come to involve at least two indispensable 
ideas: integration and uniqueness. While other aspects of psycho- 
logical research are directed to this or that segment of behavior, 
personality invariably has reference, for one thing, to the functioning 
of the whole man, and, for another, to those aspects of integration that 
distinguish any individual from his fellow. In studying personality 
the psychologist is therefore interested in knowing how the individual, 
in the expression of his needs and his relationships with other indi- 
viduals, functions as a recognizable unit that possesses certain dis- 
tinctive traits, drives, attitudes, and habits, and attains or fails to 
attain an adjustment to himself and to his environment. 

It is useful, in thinking about personality, to distinguish it from 
certain other terms with which it is commonly connected. On the 
whole, personality does not refer to the goodness or badness of the 
'individual in any moral sense and is thus distinguishable from the 
word character, which is more likely to have that significance. Simi- 
larly, the term tempera7nent is sometimes used loosely as a synonym 
for personality. Technically speaking, temperament refers more com- 
monly to certain consistent patterns in the affective or emotional life 
of the individual — patterns which make for a melancholy or optimistic 
outlook, an irritable or excessively mild way of taking things. It will 
thus be seen that temperament includes less than personality. 

Psychologists differ in their conceptualization of the personality. 
To some the behavior of the individual in his immediate environment 
is all important, whereas to others the immediate environment is 

i Chief Psychologist, Western State Psychiatric Institute and Clinic; Lecturer, 
University of Pittsburgh, Pittsburgh, Pennsylvania. 
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secondary to the effects of early life experience. Another difference 
consists in stressing relatively static units like trait and habit, on the 
one hand; or dynamic ones like need and drive, on the other. Closely 
related to both these differences in theoretical approach is a further, 
more general one concerned with choosing for emphasis between the 
conscious and readily verbalized aspects of behavior or the uncon- 
scious, implicit, and sometimes irrational parts of the personality. 
These distinctions are exemplified in the work of three contemporary 
leaders in personality theory — ^Allport [1], Lewin [17], and Murray 
[22] — a comparison of whom may be found elsewhere [26]. The 
reference is introduced here to bring out the fact that in this still 
relatively new field of psychology the particular aims and point of 
view of each investigator determine not only the concepts which he is 
apt to employ as appropriate to his objectives but also the methods 
that will be found cropping up in his investigations. Since it is our 
purpose to survey the entire range of personality investigation, such 
differences in point of view will be ignored, and instead an eff'ort will be 
made to present a comprehensive picture of the various designs and 
devices which an average psychologist has at his disposal. 

Although the preceding definition has implied that personality is to 
be understood as consisting of certain traits, drives, attitudes, habits, 
etc., all of which have a rather definitely non-physical reference, there 
are other aspects of personality which are presumed to have their 
basis in the physiology or physique of the individual. These latter 
topics are treated in Chapter 15 of this volume. Similarly, it should 
be noted that for a complete survey of personality the present chapter 
should be supplemented by Chapter 19 on clinical methods. Chapter 
13 on motivation and emotion, Chapter 22 on social behavior, Chapter 
21 on child development, and Chapter 17 on intelligence and aptitudes. 

Even within the delimited area of this chapter, the treatment of 
methods for studying personality will not aim at being exhaustive. 
Instead certain representative devices will be discussed, so that the 
student may have an understanding of typical approaches rather 
than a long, lean list of techniques. In the selection to be made, 
regard for current trends will naturally play a part. 

Methods of inye ^tjgating: personality may be conveniently divided 
on various bases. For the present purpose a division into subjective, 
objectivje, and 'projec tive methods has been adopted. 

SUBJECTIVE METHODS 

The subjective methods are those in which the individual is per- 
mitted to disclose what he knows about himself as he takes himself as 
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an object of observation. The extent to which the statements made 
by the subject are used at face value by the examiner is variablcj 
according to the particular method in question and the orientation 
of the particular psychologist. In every case, however, these sub- 
jective methods are based upon what the subject himself has to say 
about his traits, attitudes, personal experiences, aims, needs, and 
interests. 

The Autobiography 

One important subjective method is the autobiography — a narration 
by the individual, given either freely or according to certain subject 
headings provided by the examiner, of his expe riences throughout 
life, of his present aims, gu^ips^s, interests, and attitudes. As a lit- 
erary document, the autobiography has, of course, been known at 
least since Biblical times, but its systematic use by the psychologist 
is of fairly recent origin. At present it is employed mostly in rather 
extensive clinical studies of the individual, e.g., when a psychiatrist 
asks a patient to write such an account to aid in the more complete 
statement of the problem to be treated, and in such massive approaches 
to personality as may be found in the Explorations in Personality hj 
Murray and his coworkers [22]. An obvious advantage of this 
device is the relative freedom which it leaves the individual in select- 
ing those parts of his experience wdiieh seem to him of importance as 
a revelation of his personality — an advantage which is naturally 
increased when the examiner does not provide an outline for the 
subject to follow A closely related disadvantage, however, lies in 
this very same factor of selection, since the subject is apt to pick out 
only those parts of his experience which he is whiling to reveal, or, as 
with individuals like Rousseau [29], aspects which, while distinctly 
more private, are unduly emphasized because of some special satisfac- 
tion the individual derives from such self-revelation. Nevertheless, 
the method is of considerable value when it is properly employed and 
when its results are interpreted in relation to materials otherwise 
elicited. Even to know^ what the person th inks abou t himself or is 
willing or'"'anxious„, to teU ab^^^ partial, of 

great importance. For a discussion of the autobiography and related 
personal documents like the diary in the understanding of personality, 
Allport's monograph [2] may be recommended. 

The Case History 

The life history or case history^ as employed in the study of per- 
sonality, is almost invariably dependent to a greater or less extent 
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upon the autobiography. Here, however, sources of information other 
than the subject’s own account of himself are available. Even the 
autobiography need not be obtained in writing but may come from 
oral interviews. Interviews, moreover, may involve not only the 
subject but also his relatives or other close associates. The case- 
history method has its most common application in the study of 
abnormal personalities, where the information obtained has an 
important clinical bearing. The social worker and the psychiatrist 
employ the method characteristically in their orientation to a new 
case. Although the usual aim in such application of the life history 
is to obtain as comprehensive information of the individual’s experi- 
ence and personality as possible, a more recent point of view calls 
attention to the fact, that many things in the life of the individual 
may have little bearing upon his present personality or upon the 
problems for which he needs psychological understanding. As a con- 
sequence, many psychiatrists and social workers limit the method 
of the case history to certain spontaneously produced aspects of the 
individual’s experience. It is their opinion that aspects not so brought 
up by the patient himself are probably of little functional importance 
in the personality. Naturally, recognition is also given to the fact 
that complete freedom should be allowed the individual in revealing 
what he wishes to reveal about himself; in fact, it is precisely in 
order to make possible the individual’s freedom and security in self- 
revelation that no attempt to probe comprehensively is made by the 
proponents of the view under discussion. While for research pur- 
poses this more specialized use of the life-history method may have 
less value in certain settings, the very existence of this emphasis brings 
to light an error that is often made in the use of life histories— the 
error of supposing that all the experiences of an individual have 
affected him equally or have, at least, left their mark. Here again, 
therefore, the method cannot be used without considerable critical 
interpretation and has its greatest value when employed in connection 
with information elicited from other sources. 




The Interview Method 


The interview, to which reference has been made in passing, is in 
itself a most important procedure for the study of personality. The 
face-to-face relations hip in which th e subject and the examiner carry 
OT^i^convefsation i s so common that it may at first glance seem 
purely acadeiucTto label it as a technical method. Conversations of 
this sort occur everywhere, and everybody is involved in them every 
day. From this ki nd of exp erience, perhaps more than from anything 
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else, comes the common belief that everjone^js a psjclm^^^ We 
are all continually evaluating the motives, attitudes, and trait! of the 
people with whom we talk or have other living relationships. Actu- 
ally, however, the method of the interview involves the possibility of 
great skill or of complete ineptness. The interview is indeed a far cry 
from the conversation between two friends — so much so that entire 
books have been devoted to the subject [4, 8] . Naturally, the purpose 
of the interview will determine to a large extent the technical aspects 
which will be emphasized, but even when the interview has a specific 
practical purpose, e.g., in the employment situation, it still represents 
a method for investigating or appraising personality, since there is 
hardly a practical relationship that one can think of in which the 
traits, needs, aims, and other characteristics of the subject would not 
have to be evaluated. 

The chief dimension in respect to which the interview may 
vary is the rigiditj^or flexibility with which the interviewer holds to a 
predetermined outline”! questions or topics. In some instances a 
definite list of points to be covered consecutively in the interview 
serves as a basis for the procedure. In that case the method requires 
considerably less skill than when more latitude is allowed the inter- 
viewer. Occasionally the topics to be covered are outlined with consid- 
erable freedom as to order. The examiner is then able to make a more 
natural experience out of the interview, the leads offered by the subject 
being taken as a basis for transition to other topics which the inter- 
view is intended to cover. There are, at the full extreme, interviews 
which are completely free situations- — situations in which the examiner 
refuses to be tied by any set procedure and is mox’e interested in the 
impact which occurs spontaneously betw^een the subject and himself. 
As is obvious, an interview conducted in this fashion must depend 
for its success to a very great extent indeed upon the skill and experi- 
ence of the interviewer. Closely related to this highly spontaneous 
type of interviewing is that in which the topics covered, whether pre- 
determined or not, have relatively little to do with the traits that the 
examiner is attempting to assess. Frequently, in fact, the interviewer 
is consciously or unconsciously estimating the traits of the interviewee, 
not from the view^s the latter may express on a given topic, but by the 
dogmatism with which these views are stated, by the interest in people 
or a particular area of experience which the statements reveal, by 
vocabulary or incidental allusions which the subject employs unwit- 
tingly in his conversation. Naturally, the interview under these cir- 
cumstances becomes a very subtle tool for revealing personality, but, 
as already said, it then requires a very astute examiner, one skilled 
in the observation and interpretation of material not anticipated. 
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Since even the best interview^ influenced by the per- 

sonality of the interviewer^ as well as by ’‘that of the subject, attempts 
liave been made to provide more objectivity. One such device is to 
inake the interview a matter not of two individuals but oi a company 
in which the subject forms one, and the interviewers, two, three, or 
more members. Under these circumstances ttie board ot interviewers 
is able to pool judgments and to bring to bear a variety of standpoints 
that reduces any personal bias in the interpretation of results. In a 
field like personality, where subjectiyhy of judgment is so prevalent 
and so dangerous, this"’ modification of the interview method has 
distinct advantages, '""^Olicc ag^ it cannot be overlookexl 

that there is a closely related disadvantage — ^^the extent to w^hich a 
I board of examiners introduces an atmosphere of jreater formalitj and 
I rigidity than does the sole interviewer. 

“ It may also be mentioned, in order to illustrate the flexibility of 
the interview method, that a combination of the indirect method of 
interview (in -which the examiner is interested less in the opinions of 
tlie subject than in certain implicit aspects of his statements and 
manner) and of the interview by board has recently been recommended 
by Freeman and collaborators [5] under the name ^ress interview. 
In this case the subject is brought before a group of interviewers and 
asked to perform certain complex tasks, presumably as a test of 
his intelligence or aptitude for the job. Actually the proficiency of 
the subject is of little significance, except in so far as his reactions 
to his. own success and failure enable the judges to estimate certain 
important aspects of the subject’s personality. The interviewers, 
rnoreover, ^Iieckle” the subject by remarks either directed to him or 
made in a rather loud wdiisper among themselves. Each judge is 
responsible for noting certain features of the subject’s behavior for 
the record. As can readily be seen, the naive subject in a situation of 
this type is being interviewed under very special circumstances, but 
at the same time the term interview, although rather distant in mean- 
ing from its ordinary conception, is clearly appropriate. The stress 
interview begins to partake very much of such miniature life situations 
as will be discussed under the objective methods. 


The Inventory Method 

Another very commonly employed method of personality study is 
the inventory or questionnaire. In this method the subject is pre- 
sented with a series of statements or questions describing possible 
emotions, attitudes, or behavior in situations revealing personality, 
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with the instruction to check or otherwise indicate his reaction to or 
judgment of the test items. One form of such inventories is the 
cross-out test, in which those remarks, comments, or characterizations 
which do not apply to the subject are crossed out by him and the 
remainder left standing. Another form gi\'es optional modes of 
behavior in a described situation, with the instruction to the subject 
that he indicate the option appropriate to himself. Occasionally such 
questionnaires aim to reveal a rather complete picture of the indi- 
viduaPs emotional and dispositional life, as is true, for instance, of the 
Bernreuter Personality Inventory [38]. More specialized uses of the 
device are also common, e.g., the Terman-Miles M-F Battery for the 
assessment of masculinity and femininity [39]. 

Below are five sample items from GuilforcPs Inventory of Factors 
S T D C B [9], In this inventory the individual responds to each of 
175 such items by encircling Yes, ?, or No, and a score is obtained 
on each of five factors: social introversion, thinking introversion, 
depression, cycloid dispositm^’'and ^lathymim 

S Are you inclined to limit your acquaintances to a select few? Yes ? No 

T Are you inclined to analyze the motives of others? Yes ? No 

D Are you sometimes so ‘‘blue” that life seems hardly worth living? Yes ? No 

C Do you have frequent ups and downs in mood, either with or with- 
out apparent cause? Yes ? No 

R Are you inclined to act on the spur of the moment without tliinking 

things over? Yes ? No 

If a person receives a high score on S, it indicates that he is shy 

and seclusive; T, is inclined to meditative or reflective thinking; D/is 
habitually gloomy, pessimistic in mood; C, has strong emotional 
fluctuations and unevenness of disposition; R, has a happy-go-lucky 
and carefree disposition. 

Jt^^^ is „ natw that the .. ^ ventorv approach should have occurred 
relatively early to psychologist^, as a way of exploring the complex 
and diversified field of personality. Presumably the individual knows 
more about himself than does anyone else, and if he is willing to reveal 
his knowledge, the obvious thing to do in trying to find out about him 
is to ask him. Undoubtedly such an approach seems to provide a 
scope of information which other methods would find it hard to equal, 
but the validhy of such results a s are thus obtaiM^ to very 

serious question. As has been pointed out by a number of investi- 
gators, the subject (a) may not be willing to reveal the facts about 
himself, and (6) may not even be in conscious possession of these facts. 
Even if the first difficulty could be overcome in certain cases where 
the confidence of the subject has been guaranteed on a therapeutic or 
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other basis, the problem would still remain of overcoming the subject’s 
ignorance of his own personality. 

It is by now well understood that individuals often are unaware of 
the facts about themselves as regards complex characteristics unaccept- 
able to the conscious ego. In other woids, part of the personality is 
apt to be implicit or unconscious rather than explicitly available to 
the subject’s scrutiny. In fact, an important part of the personality 
may consist in a certain defensiveness against a knowledge of defects 
and inadequacies wdiich are painful to contemplate or to integrate 
with other traits and which can be discovered more readily by others 
than by oneself. The personality inventory or questionnaire is usually 
an inept tool for disclosing these obscure regions of the personality and, 
what is worse, is frequently invalid as a way of revealing even what 
the subject may know because these unaccepted aspects color the 
responses to other questions about himself. 

The so-called “opinion errors” [25] which are thus involved in the 
inventory can someEm^TIem by, indirec t cross-checks 

which have recently been sugges^ecrby sophisticated investigators; 
compare, for example, the lie (L) score employed in the Minnesota 
Multiphasic Personality Inventory [14]. By this device it is 
possible, in this inventory, to evaluate the extent to ydiich a person 
IS falsTTyirig liis answers in order to appear more acceptable socially. 
There are fifteen items from which this control score is computed, 
e.g., “Once in a while I put off until tomorrow wdiat I ought to do 
today.” Since this illustrative statement has been found to be marked 
“false” by less than 7 per cent of normal persons, it is assumed that 
subjects marking this statement “false” for themselves are probably 
falsifying their answers. The L score thus becomes an i ndex of tl ifi 
honesty of the responses tTr^rtEe questions on the inventory, por^ 

''Ehd"""haB nilly in crease ** the value^ of the, 

' inventory but have, u^^^^ i ^t succeeded in materially 

overcoming the basic disadvantage| . i^vertheless, the approach 
remains an important one for the study of an individual’s opinion 
about himself^ right or wrong as this may be. The inventory or 
questionnaire can thus be reinterpreted as an instrument for eliciting 
verbal behavior which needs to be analyzed in relation to other 
data about the person instead of being accepted at face value as 
descriptive of what the subject is or does in life situations. This 
behavioral interpretation of the inventory will be mentioned again 
later. 

A large number of inventories are devoted not only to personality 
traits and needs, but also to interests, e.g., the Strong Vocational 
Interest Blank [37] ; attitudes, e.g., Harper’s Social Study for liberal- 
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ism and conservatism [iO]; and values — economic, esthetic, religious — 
e.g., the Allport-Vernon Study of Values [42]. These more cir- 
cumscribed devices share some of the advantages and disadvantages of 
the general personality inventory, although the disadvantages are 
perhaps less likely to play a part since one is actually attempting in 
these cases to study the individuaPs opinion (interestvS, attitudes, 
ideals) rather than more factual matters about his emotional life or 
behavior in life situations. 


OBJECTIVE METHODS 

As distinguished from the subjective approaches thus far discussed, 
the objecth’'e methods depend not upon the subject’s own statements 
about himself but upon his overt behavior as revealed to others 
w^ho serve as observers, examiners, or judges. At this point the 
methods of appraising personality approach those usually employed 
for the assessment of intelligence and other more specialized capacities. 
Proponents of these objective methods for studying personality point 
out that, just as one would hardly be satisfied with the subject’s opinion 
of his ability in arithmetic and would wish actually to apply a test 
in which the subject had an opportunity to demonstrate the amount 
of his arithmetical skill, so in trying to understand personality it is 
necessary^ — perhaps even more necessary— to observe the subject in 
certain life situations where his particular traits, habits, needs, and 
other characteristics are brought into play and can thus be observed 
directly by the examiner. 


Miniature Life Situations 

A name that has been given to the most obvious application of the 
approach just described is miniature life situations. An excellent, and 
perhaps the earliest, statement of the point of view involved is found 
in a classical paper by Francis Galton [6], published in 1884^ He 
.■wrote: 

Emergencies need not be waited for, they can be extemporised; traps, as it 
were, can be laid. Thus, a great ruler whose word can make or mar a subject’s 
fortune, wants a secret agent and tests his character during a single interview. 
He contrives by a few minutes’ questioning, temptation, and show of dis- 
pleasure, to turn his character inside out, exciting in turns his hopes, fear, 
zeal, loyalty, ambition, and so forth. Ordinary observers who stand on a 
far lower pedestal, cannot hope to excite the same tension and outburst of 
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feeling in tiiOvse whom they examine, but they can obtain good data in a more 
leisurely way. If they are unable to note a man’s conduct under great trials 
for want of opportunity, they may do it in small ones, and it is well that 
those small occasions should be such as are of frequent occurrence, that the 
statistics of men’s conduct under like conditions may be compared. After 
fixing upon some particular class of persons of similar age, sex, and social 
condition, we have to find out what common incidents in their lives are most 
apt to make them betray their character. We may then take note as often 
as we can, of what they do on these occasions, so as to arrive at their statistics 
of conduct in a limited number of well-defined small trials. 

The reader will see at once how similar was Galton’s idea to the 
stress interview which Freeman has recently devised and worked out 
in such great detail. Galton’s method also recalls the procedures 
employed during the war by the Office of Strategic Services in 
W^ashington for the selection of special Army officers and used earlier 
by Simoneit [34] and other investigators in Germany. 

Galton offers, among other specific suggestions, one which is so apt 
as again to deserve direct quotation: 

The poetical metaphors of ordinary language suggest many possibilities of 
measurement. Thus when two persons have an ''inclination” to one another, 
they visibly incline or slope together when sitting side by side, as at a dinner- 
table, and they then throw the stress of their weights on the near legs of their 
chairs. It does not require much ingenuity to arrange a pressure gauge with 
an index and dial to indicate changes in stress, but it is difficult to devise an 
arrangement that shall fulfil the threefold condition of being effective, not 
attracting notice, and being applicable to ordinary furniture. I made some 
rude experiments, but being busy with other matters, have not carried them 
on, as I had hoped. 

In more recent years the method of miniature life situations has been 
extensively employed in the Character Education Inquiry conducted by 
Hartshorne, IMay , Mailer, Shuttleworth, and others, whose results were 
published in 1928, 1929, and 1930 [11, 12, 13]. These investigators, 
working mainly with grade-school children, attempted to discover 
the moral knowledge of their subjects and — what is more relevant 
here — their actual behavior in situations involving honesty, coopera- 
tion, persistence, and similar traits. In a ty pical experiment (for 
measuring honesty) subjec ts were allowed to score t heir own papers 
m .a ^ test by, means. oFaliey. provided them\ut wexe later retested 
unHer conFfoTed "conaiti QniT^^ testsfwhlch they^ 

were not permitted to score. The difference between the scores on the 
two tests ip^licateT^ whether the examinee had copied 

answers from the key when he was allowed to use it. It is interesting 
to note that, although th^iemves^^ found a very high correlation 
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(around + .70) between moral knowledge and intelligence; the correla- 
tions between moral knowledge and scores on behavioral tests of 
honesty, cooperation, etc., were extremely low (around +.25). These 
results clearly indicate wdiat has been pointed out earlier: what 
the subject sayvS about his behavior and personality is a very unsafe 
guide for prediction about his actual performance in life situations. In 
this case, of course, the subjects were not asked to judge what they 
would do in moral situations but rather what they might be expected 
to do, but the fact still remains that there is considerable discrepancy 
between behavior in life situations and predictions from an inventory. 

Traits wdiich have been frequently studied by methods of actual 
performance are suggestibility and hypnotizability. As is well known, 
individuals differ considerably in the extent to 'which they demonstrate 
suggestibility in either the w^aking or sleeping condition. It is easy 
to see why this particular trait lends itself naturally to objective life- 
situation measurement: it actually involves a relationship between 
tw^’o or more individuals, one of whom can become the examiner while 
the other is the subject. The examiner then actually attempts to get 
the subject to accept suggestions intended to produce a condition like 
swaying or to induce sleep of a hypnotic kind. The degree to which 
the individual responds to the suggestions of the examiner serves as 
a measure of suggestibility or hypnotizability [15]. 

Another area in wdiich objective methods of measuring personality 
have been quite naturally employed includes reactions to success and 
failure or, in more general terms, fnistration md gratification. Sub- 
jects can, for example, be given supposed tests of capacity, with the 
examiner actually interested not in their achievements but in their 
responses of an emotional kind on the basis of success and failure, 
Usually in experiments of this type the failure or success of the subject 
is prearranged, since measurements of capacity are of no importance, 
whereas the reactions to success and failure are. Naturally the subject 
is unaw^are ol+irrartilciality of the situation, and precautions need 
to be taken to guarantee his naivete. Investigations employing this 
methodology are welU illustrated in the work of Lewin [17] and 
Rosenzweig [27], 


Method of “Unobserved Observation” 

While in the method of simulated success and failure the subject's 
behavior of a specialized kind is noted without awareness on his part 
of the examiner's objective, the same principle is employed even more 
patently in the procedure of unobserved observation. Here the sub- 
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ject is left in a room by himself with or without instructions to perform 
some task; he is then observed through a one-way mirror, screen, or 
other device and perhaps overheard by a concealed microphone setup, 
so that, his behavior, uninfluenced by the presence of the observer, 
can be recorded accurately and completely. The method has been 
extended sometimes by having a stenographer take down in the 
observatory the exact verbalizations of the subject as these come 
through the speaker or headphones. It is often possible to take motion 
pictures of the subject if the arrangement has been properly installed 
and can be rationalized to him in advance. At the least, the method 
permits a verbal description of what the subject does while he is being 
observed. A recent extension of this approach has been its use for 
studying not only the behavior of the subject but also that of the 
examiner, as in the work of Rogers [23] and his associates who phono- 
graphically recorded verbatim records of therapeutic interviews and 
later analyzed them to reveal details of the behavior between examiner 
and examinee. 

Although in this case the verbal behavior of the subject was of 
importance, other examples of the method where physical behavior, as 
well as verbal, plays an important part may be found in ^Time- 
sampling” studies, usually of children [40]. In these studies observers, 
concealed from their subjects or not, keep records of specific behavior 
during short selected intervals. These observations are treated as 
samples of the total behavior in time and are analyzed statistically 
to give an objective picture of the individual and his relationship to 
others in the situation observed. Further descriptions of uses of the 
time-sampling technique are found in Chapters 21 and 22. 


Physiological Measures 

In addition to the preceding objective methods for studying the 
overt behavior or language of subjects in actual life situations, there 
is a group of others in which characteristics of physique [Z2, M] ot 
such covert physiological proces^^^ pressure or the galvanic 

skin response are investigated as expressions of personality. As has 
already been pointed out, this topic is treated in Chapters 14 and 15. 
It should, however, be noted here that not infrequently these methods 
are combined with studies of the subject's gross behavior or verbali- 
zations, as in the Luria [19] technique which yields a simultaneous 
record not only of the galvanic skin reflex but also of the subject's 
word associations and involuntary muscle tremors. 

Although all the objective methods thus far reviewed have involved 
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some fairly well-dejfined area or areas of the individoars behavior, 
whether spontaneous or prearranged, other objective procedures are 
concerned with judgments made by individuals who are, by past 
association with the subject, in possession of information about him, 
although no systematic or experimental attempt has been made to 
provide that special knowledge. In other words, ratings, rankings, or 
matching of certain aspects of a subject’s behavior by judges who are 
in some favored position for knowing about the variables in question 
may also be regarded as an objective approach to the investigation 
or appraisal of personality. 


Rating Scales 

Rating scales have long been used for the appraisal of individuals 
both in connection with personality traits of a general kind and wdth 
achievement or fitness for particular jobs. The variables may be 
marked by point values, e.g., on a five- or seven-point scale with the 
midpoint indicating the average for the trait; or each step in the scale 


Avoids Tolerates Likes Likes Seeks 

others others others others well others 

“Make a vertical mark crossing the above horizontal line 
to indicate the relative position the subject would hold in 
regard to his usual reaction to the company of others.'* 

Fig. 1 . A graphic rating scale. 

may be defined in descriptive words which help the rater place the 
subject more, concretely in relation to other individuals. See Fig. 1. 
A refinement of this latter procedure is the man*tQ-man rating scale, 
which requires that, before a group of individuals are rated, specific 
persons be chosen by the raters as typical of each of the various scale 
positions for each trait. In other words, a top, bottom, and middle 
man — and others according to the number of steps in the scale — are 
selected, and then the individuals to be rated are placed according to 
their difference from or similarity to these concrete examples of the 
points on the scale. It has been found from controlled experience that 
the number of steps on the rating scale must be at least five for reli- 
able results to be obtained. As might readily be expected, the train- 
ing and motivation of the rater are of crucial importance for valid re- 
sults, The rater who is simply handed a sheet and asked to assign 
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individuals grades on certain traits will ordinarily turn in a perform- 
ance that is next to worthless and may, in fact, be extremely mis- 
leading. A common mistake made by raters consists in assigning 
estimates that cluster around the average point or veer, if at all, 
toward the favorable direction of the scale. Raters are ordinarily loath 
to commit themselves to the extremes on a rating scale and 
are likely especially to avoid very unfavorable ratings. It is 
essential, therefore, that raters receive adequate training in the 
definitions of the variables and of the steps in the rating scales, as well 
as in the method by which the ratings are to be made. Moreover, the 
raters must ordinarily be sufficiently motivated and unhurried to make 
their work dependable. If, as so often happens, ratings are given 
hastily and in spare moments snatched away from other work, the 
results cannot be trusted. 

Even with the trained and well-motivated rater, other errors may 
readily vitiate personality ratings. The individual rater may have 
some special bias, whether favorable or unfavorable, to the subject 
rated. Sometimes such a bias appears in the form of a halo effect; a 
subject given a high or low rating for one trait will be found, where 
this effect has operated, to have been all-too-similarly rated high or 
low on the other traits to be estimated. To correct this and similar 
errors, it is well to employ a number of raters— three, four, or more 
if possible- — ^so that the composite of the results can be relied upon 
instead of individually biased judgments. Multiple findings so reached 
are also useful in providing a range of ratings for a given subject on 
a given trait. Subjects who are found to have consistently low, high, 
or average ratings, as given by a number of investigators, are obviously 
different from those wffio may be rated over a rather wide range by 
different judges, and this difference in variability is often as significant 
as the average rating of a subject. 

In general, ratings are notoriously unreliable and are not a valid 
method of appraising personality if used without supporting data. 
Nevertheless, the method is employed again and again in almost every 
type of personality investigation, although seldom relied upon exclu- 
sively. An interesting example of how the rating procedure can be 
employed with considerable validity almost because of its shortcomings 
is found in an investigation of Sears [30], who required subjects to 
rate both other individuals and themselves on the same traits, e.g., 
stinginess. Sears was interested in studying insight and projectior^ 
and he discovered from his work that subje cts wlm are consistently 
rated high by others on such a negative trait 

lo w on this variabTe flms^^ insight, "arc 

very apt to rale other individuals high on*'the same trait7thus'"m^^ 
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ing the operation of projectign. Individuals, on the other hand, who 
possess insight as defined in this experiment (agreement between self- 
ratings and ratings by others) are less apt to project. It should be 
noted, however, that on the basis of this study projection with respect 
to one trait does not necessarily warrant the expectation of projection 
for all traits. 


The Matching Method 

A related type of approach, in which judgments of both self and 
others also employed, is exemplified in the investigations of Werner 
Wolff [43] on self-analysis and sel f- recoEmtlQiL. His characteristic 
procedure is to procure specimens of the subject’s speech, handwriting, 
or gait without the subject’s knowing that the specimen has been 
obtained; the specimen is then included with similar ones from otlier 
individuals, and the subject is asked to characterize the specimens, i.e., 
to describe tlie personality associated with each one. The results are 
frequently revealing and indicate that, although the individual may 
not consciously recognize his own forms of expression — a finding par- 
ticularly true for voice, and for handwriting when presented in mirror 
image — ^the characterization, nevertheless, reveals that some uncon- 
scious self-recognition has occurred. For example, in a study of voice 
samples, it was found in one experiment that the unwitting self- 
judgment was more positive than the average characterization in 73 per 
cent of the cases, and more negative than the average in 20 per cent, 
only 7 per cent of the judgments falling into the neutral zone. Uncon- 
scious self-judgments w^ere thus shown to be excessively favorable or, 
in a few instances, excessively unfavorable; scarcely ever are they 
neutral, as compared to the judgments made of others. Perhaps even 
more interesting is the fact that, although the subjects make these 
self -judgments without consciously recognizing their own forms of 
expression, they yet respond in a fashion that distinguishes self- 
judgments from judgments of others. 

For some purposes it is an advantage to use the method of ranking 
instead of rating. The judge is, under these circumstances, practi- 
cally coerced into adopting the advantageous man-to-man method 
previously mentioned. This procedure is, however, necessarily limited 
to smaller groups than it is possible to treat by ratings. 

A variant of the rating (or judgment) method which has gained 
in popularity among personality investigators in recent years is 
matching. This procedure is to some extent an outgrowth of Gestalt 
psychology, in which emphasis has always been placed upon the total 
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individual It has long been known that the traits of the individual 
are seldom accessible to isolated study since the personality is an 
interacting unit. A judgment about any part is almost always 
affected by the Judgment of the whole, and, inversely, a judgment 
of the whole is dependent upon a judgment of the parts. Some recent 
tests of personality have, in fact, been constructed with this point of 
view as basic, so that interpretations of results are always made not 
in respect to isolated variables, but with all the interdependent factors 
taken into account simultaneously. The Rorschach method, discussed 
on pages 558-560, is a clear example of such a test. 

In order to make possible a comparison of individuals and at the 
same time have regard for the interdependence of the personality in 
its various aspects, the matching method was devised. Here, as 
opposed to the rating method, no attempt is ordinarily made to 
break down the personality into segments or parts regarded as more 
or less independently measurable. Instead, samples of the subject’s 
gross behavior in two or more situations are compared in order to 
establish relationships which, if present, may be based on any or all 
aspects expressed in the samples. The method consists in offering 
judges several such samples derived from the behavior of a small 
group of subjects in two or more situations. The identity of the 
subjects is not given, it being the task of the judges to match the 
samples, if possible, and thus establish such psychological identity as 
may exist among them. The number of correct matchings in excess 
of chance serves as a measure of the extent to which the personality 
expressions in question reveal an underlying identity, which it then 
becomes the task of the investigator to analyze by whatever means 
he may have at his disposal. An example may again be gleaned from 
the studies of Werner Wolff [43]. See Fig 2. This investigator has 
taken various forms of expression from subjects — facial photographs, 
photographs of the hands, samples of handwriting or of the speaking 
voice — and has presented two or more series of these unidentified speci- 
mens in random order to be matched by neutral judges. In one experi- 
ment a group of subjects retold a story that was first read to them, and 
a verbatim typewritten record was made of each subject’s version. 
Judges were then given three of these versions and a handwriting 
specimen of each of the same three subjects, with the instruction to 
discover which handwriting specimen went with which story version. 
The number of correct matchings obtained was one and one-half times 
greater than wmuld have been expected by chance. Wolff points out 
that there must have been some similarity between the style of retell- 
ing the story and the handwriting of the persons being judged for such 
a result to have occurred. In similar fashion facial photographs and 
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Fig. 2. Illustration of the matching technique as employed in the investiga- 
tions of Werner Wolff. 

The above are musical notations to be matched v/ith the names of three composers; A; Bach, 
B: Beethoven, C: Mozart. (Correct matchings are; 1-B, U-C, lU-A.) (Reproduced by permission of 
Harper and Brothers.) 



specimens of recorded speech have been reliably matched. Naturally, 
it still remains to discover on what the correct matching judgments 
were based, but at least one cannot discard the forms of personality 
expression as having no relationship to each other, as more segmental 
and less adequate methods of investigation have so often done. 

A statistical procedure which is often employed to evaluate measure- 
ments of personality, whether these measurements are in the form of 
ratings, test results, or data from other sources, is fact or analysis. 
Although not a method of directly appraising or investigating a per- 
sonality, factor analysis has become an important mathematical 
adjunct in studies of personality and thus deserves mention, at least, 
in the present account. In factor analysis quantitative data are 
treated mathematically to uncover the smallest number of basic vari- 
ables to which the crude observations can be reduced and to throw 
light upon the relationships among these variables. Among the out- 
standing workers in this specialty may be mentioned Spearman [36] 
and Thurstone [41]. The inventory by Guilford, described on page 
545, resulted from factor analysis, 

PROJECTIVE METHODS 
General Nature of Projective Methods 

The projective approach, as distinguished from the subjective and 
the objective ones, attempts to achieve objectivity in the psychological 
sense by inviting the person under observation to be as “subjective” as 
possible. In other words, the examiner does not observe the overt 
behavior of the subject, as in the miniature life situations, to deter- 
mine, let us say, aggressiveness or submissiveness; nor does he, on the 
other hand, ask the subject to state his opinion of his own behavior 
in certain situations or his feelings about certain experiences. Instead 
the subject is requested to behave in an imaginative way, e.g., by 
making up a story, interpreting ink-blots, or constructing some object 
out of plastic material. These techniques are therefore not objective 
in the sense of the objective methods previously discussed; they do not 
reveal directly what the subject does in actual situations. However, 
they are intended to reveal the underlying traits, moods, attitudes, 
and fantasies that determine the behavior of the individual in such 
actual situations and are therefore, if valid, more truly objective in 
their results than the objective methods themselves. Similarly, these 
projective techniques are definitely not subjective in the sense of the 
subjective methods above discussed; they do not instruct the subject 
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to tell anything about himself. In fact, they are usually administered 
in such a fashion as to minimize as far as possible the subject’s pre- 
occupation with himself and to invite instead complete freedom from 
any sort of self-criticism. However, these ^ methods, by einphasiz- 
ing the individuaPs subjective life-— in expressions of fantasy and 
imagination— capitalize upon subjectivity, although not iipoii self- 
criticalness. 

This rather abstract way of describing projective techniques will 
become clearer from an example or two. It has repeatedly been 
noted that a person reveals himself — what his experiences have been, 
what his likes and dislikes are, what his problems and ways of thinking 
may be — even in purely imaginative productions. In fact, the free- 
dom which an appeal to the imagination permits often tends to favor 
the projection of the real personality. Thus it sometimes happens 
that an author tells more about himself in his fictional works than 
in Ills consciously written autobiography — a fact that has been noted 
by discerning literary critics many times. Tlie principle involved is 
actually a very general one: the individual reveals himself in all his 
behavior to a greater or lesser extent, but most in his less self-conscious 
moments, and the art of personality appraisal consists largely in the 
capacity to “read out’’ meanings which the individual “reads into” 
the world around him. 

The projective techniques thus have in common the following char- 
acteristics: (1) The stimulus material is always neutral, ambiguous, 
or at least equivocal in its significance, and the subject is expected to 
supply meaning, significance, organization, or in some other way to 
leave the impress of his personality upon the undefined stimulus pres- 
entation. For such purpose ink-blots, incomplete stories, plastic 
materials, miniature life toys, meaningless auditory stimuli, and any 
number of other media may be made available to the subject. (2) 
The psychological reality, rather than the actual reality, of the sub- 
ject’s world is important in the projective techniques. The so-called 
facts of the individuars life may or may not have shaped his per- 
sonality, may or may not now be determining influences in his behavior. 
The attitudes, opinions, ideals, conflicts, and fantasies which populate 
his private world, however, are inevitably important in his present 
adjustment or maladjustment, and it is to these aspects of psycho- 
logical reality that the projective techniques turn their scrutiny. (3 ) 
Implicit or unconscious aspects of the personality are revealed, and 
psychodynamic principles therefore play an important part in the 
interpretations. Projective techniques are, in fact, derived historically 
from the free-association method employed in psychoanalysis. (4) 
Abuse of these techniques is readily possible, since it is easy for an 
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untrained or immature examiner to project liis own biases and fantasies 
into his interpretations of the subject’s productions. 

It is possible to classify the projective techniques in various ways— 
from the standpoint of the stimulus material employed, on the basis 
of the end product of the subject’s reaction, or in terms of the par- 
ticular aspects of personality which are most representatively revealed 
by each approach. For the present purpose the last of the three 
mentioned criteria has been adopted. The procedures are accordingly 
classified SiS motor-expressive, perceptive-structural, and apperceptive- 
dynamic. 


Motor-expressive Methods 

In the motor-expressive methods the subject expresses certain 
aspects of his personality by the manner in which adaptive acts are per- 
formed. Included here are the analysis of handwriting, gait, style of 
verbal expression, voice, and other motor activities in which not the end 
that the behavior serves but such dimensions as speed, amplitude, and 
intensity are relied upon for interpretation. Although this approach 
to personality, long considered significant in non-professional psy- 
chology, has been frowned upon by the academically oriented expert, 
more recently there has been a revival of serious interest in it. Not 
only Wolff but Allport and Vernon [3] and, in the area of handwriting 
analysis, Lewinson and Zubin [18] have contributed to this new 
interest. Even when the approach is not used exclusively for the 
interpretation of personality, it plays a part as an adjunct to the other 
methods in the present classification. 


Perceptive-structural Methods 

Of much wnder present application is the perceptive-structural 
approach, in which the subject is permitted to organize perceptually 
such stimuli as ink-blots or meaningless auditory patterns, and from 
which the structural aspects of the personality — chief direction of 
interest (extraversion or introversion), impulsivity or self-restraint, 
and other aspects of temperament (as contrasted with the dynamics 
of motivation) — are readily derived. 

The Rorschach method of personality diagnosis [24] is undoubtedly 
the best-known of these techniques and is, in fact, at present the most 
widely used of all the projective procedures. In this method ten ink- 
blots are shown to the subject, one at a time, with the instruction 
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that he is to tell the examiner what he sees in them— -what they remind 
him of or could represent. See Fig. 3. The responses given by the 
subject, as well as the answers to certain questions asked about these 
associations afterward, serve as the basis for scoring and interpreta- 
tion. The responses are not scored chiefly according to content, as 
might be expected, but in relation to certain formal characteristics, 
such as whether the whole or parts of the blots are used by the subject 


Fig. 3. Ink-blot similar to those used in the Rorschach method of personality 

diagnosis. 

in his responses, whether and in what combination shapes and colors 
are used, and whether the movement of living creatures has entered 
into the associations. Content, e.g., the seeing of human figures, 
animals, or plants, is scored secondarily. The scoring categories of 
the test, such as movement and color, are interpreted as signifying 
different functions of the personality: intellectual creativity, out- 
going emotions, practical-mindedness, and the like. Special attention 
is devoted to the manner in which various factors are related to each 
other in the expression of the total personality, since it has been found 
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that the presence or absence of any degree of a particular scoring 
category may occur with widely different meanings, depending upon 
the context of other associated scores. From norms based upon work 
with subjects in various well-characterized groups — ^normal indi- 
viduals, neurotics, and psychotics — ^the pattern of the subject’s scores 
may be interpreted as belonging to one or another personality make-up. 
The findings throw light upon various kinds and degrees of intelligence 
(in the broad sense of the term), different types of temperament, 
neurotic tendencies, and psychotic trends. 

The Rorschach method has continued to gain adherence since its 
introduction in 1921 and has been extended with certain modifications 
for group use. Great skill is required in the proper application of the 
method, since, as in all the major projective techniques, there are no 
right or wrong answers that can be looked up in a scoring key as a 
basis for mechanical interpretation. At the same time it should be 
noted that there are definite criteria for the scoring and interpretation 
of Rorschach findings and that further efforts to improve these stand- 
ards are constantly being made. Although this method can be stan- 
dardized, the simpler procedures that avail for the standardization of 
intelligence tests and personality questionnaires are not applicable to it 
because of its complexity and novelty and especially because it requires 
the consideration of many interdependent factors at the same time. 

Another perceptive-structural technique that may be mentioned is 
the tautophone, a device introduced under the name of verbal sum- 
mator by B. F. Skinner [35] and later rcchristened in relation to the 
projective approaches by^Shakow and Rosenzweig [31]. Here the 
subject is instructed to listen w^hile a phonograph reproduces at low 
intensity various speech samples in a man’s voice. The subject says 
what comes to his mind as he listens to each speech sample in much 
the same way that he might interpret ink-blots. This ^^auditory 
Rorschach technique” has as yet not been fully explored but seems 
to have promise as a supplement to the regular Rorschach method. 


Apperceptive-dynamic Methods 

The apperceptive-dynamic procedures require, instead of motor or 
perceptive activity, such complex or higher intellectual functioning 
as is involved in the production of fantasies or artistic representations 
(hence apperceptive) and are interpreted to reveal the themes, 
motives, drives, and urges fundamental to the behavior of the indi- 
vidual (hence dynamic). Some of these dynamic trends may not 
even be open to the subject’s conscious recognition, although they are 
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implicit in his behavior. These techniques are thus most obviously 
psychodynamic or psychoanalytic in their reference. 

The most widely used is the Thematic Apperception Test [21], 
introduced by Morgan and Murray [20] in 1935. A series of pictures, 
arranged in appropriate groups for male and female adults and for 
children, are presented to the subject with the instruction to regard 



Fig. 4. Picture similar to those employed in the Thematic Apperception Test, 
(Painted by Cordelia Knorr.) 

each as an illustration for a story. See Fig. 4. The subject then tells 
the story by identifying the characters, explaining their relationship 
to each other, describing what preceded the situation shown in the 
picture, and stating an outcome. A verbatim record is made of 
each story told and this record is carefully analyzed according to the 
major themes revealed, e.g., sexual interests, vocational ambitious, 
family conflicts, and social status. It is naturally necessary to con- 
sider the frequency with which a particular story type occurs, and 
special importance is attached to deviations from the usual story or 
stories told. Of greater significance, however, is the recurrence of a 
given topic, i.e., the thema, that may appear within the record of a 
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! given subject as one proceeds in the analysis from story to story. 

Such themata project the implicit attitudes, habits of thought, ideals, 
and drives of the subject, as well as the characteristics of the chief 
inhabitants of his psychological world: mother, father, sister, brother, 
wife, or husband. Sometimes the formal characteristics in the telling 
of the stories shed additional light (in the manner of the motor- 
expressive techniques) upon the coherence or illogicality of thinking 
and the degree of creative ability. As with the Rorschach method, 
great skill, derived from broad clinical experience and from extensive 
use of this instrument, is required for the making of sound interpreta- 
tions. 

Of related interest, but with application primarily not to adults but 
to children, are various forms of play techniques. Here the subject 
is allowed to construct scenes by employing dolls, toys, blocks, and 
other building materials. Although frequently used for catharsis in 
the treatment of children's personality problems, the method is also 
important in the thematic diagnosis of personality. 

Belonging in the area of the apperceptive-dynamic techniques but 
of considerably more limited scope than the Thematic Apperception 
Test or the various forms of play technique is the word-association 
method. This techniciue consists in presenting the subject with a list 
of words, one at a time, with the instruction to respond with the first 
word that enters his mind. The time required for giving each response 
and the responses themselves are noted. By the analysis of any 
departures from the average amount of time which the subject takes 
to give his responses, as well as from a study of the content of unusual 
associations, it is frequently possible to identify certain attitudes, 
anxieties, or sentiments. This method is of interest historically, since 
it may be reasonably regarded as the first of the formally set up pro- 
jective techniques. Galton [7] and Jung [16] did the chief pioneer 
work. See also pages 596-602. 

Among the most recent projective techniques may be mentioned the 
picture-association methodj in which pictures of social situations are 
substituted for words as the stimulus material. In the Picture-Frus- 
tration Study [28], for example, the subject examines a series of 
twenty-four cartoon-like drawings, each of which depicts an every- 
day situation of frustration or stress involving two individuals, 
one of whom is usually shown frustrating the other. Facial ex- 
pressions and features are purposely not sketched in. The frus- 
trating person is shown saying certain words that either help to 
describe the frustrating situation in which the other person is involved 
or which themselves actually frustrate this second individual. It is 
the subject's task to write in the blank caption box above the head 
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of the frustrated character the first association that comes into his 
mind as appropriate — not necessarily what the subject himself would 
say^^in the situation, but what first comes into his mind as possible for 



Fig. 5. Four situations from the Rosenzweig Picture-Frustration Study. 
(Copyright, 1944, by S. Rosenzweig.) 


the pictured character to say. See Fig. 5. As will be readily appar- 
ent, this approach shares with the other apperceptive-dynamic ones 
the assumption that the subject identifies himself with the character 
in the pictured situation for whom the association is produced, in much 

ses 





the same way that the heroes of the stories told in the Thematic 
Apperception Test are interpreted as identical in one response or 
another with the subject himself. 

INTEGRATION OF THE METHODS 

The three main approaches to the appraisal and investigation of 
personality — ^the subjective, objective, and projective — are actually 
less distinct when properly employed than might appear from the 
preceding exposition. Although it is true that the distinction is real 
in that it is possible to follow the subjective method and ask a subject 
for opinions about himself, to employ the objective procedures in 
which the individual to be studied is observed by others in his overt 
behavior, or to permit the subject to “project” himself into ambiguous 
or unstructured materials from which the implicit personality can 
then be read out, there are still ways in which each of these general 
methods can be employed so as to warrant its being classified under 
either or both of the other headings. 

A brief reorientation with regard to the three main approaches will 
help in understanding their relationships better. The subjective 
methods are, in the last analysis, those in which the subject expresses 
opinions about himself. It might therefore be said that these 
methods reveal opinion behavior. Similarly, the objective methods 
are those in which the overt behavior of the subject is exposed to the 
view of the examiner. In this case, however, it needs to be borne in 
mind that the behavior of the subject, whether in the miniature life 
situation or in the life behavior to which a judge might have reference 
in giving ratings, is not open to direct interpretation. Overt behavior, 
although perhaps a more reliable index to underlying personality than 
opinion behavior, still involves covert personality factors that are not 
directly observable in the behavior itself. It is at this point that it 
becomes possible to appreciate how the miplicit behavior of the pro- 
jective techniques probes deeper than either of the other approaches. 
The determinants of both the opinion behavior and the overt behavior 
of the subject may thus be revealed if the projective procedures are 
successfully employed, and herein lies their peculiar advantage. The 
responses elicited in them, while in themselves seemingly trivial or 
even fantastic, are assumed to be representative of the underlying- 
trends of the personality or of those implicit characteristics in terms 
of which the subject carries on his personal, social, and vocational life. 

Nevertheless, as has already been stated, it is possible for any of 
the other two main approaches to approximate the projective tech- 
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niques, provided that sophisticated methodology is employed. In 
fact; the preceding restatement of the subjective methods as involving 
opinion behavior already implies such a reorientation. Instead of 
regarding the responses in a personality questionnaire, for instance, 
as valid at their face significance, it is possible to think of them as 
the projection of the subject's own opinions about himself — opinion 
behavior — and to interpret the findings in relation to the results of 
other techniques as a criterion of insight or integration in a way that 
is far more meaningful. Not only the total scores from a personality 
questionnaire but also the answers to individual items must then be 
scrutinized. The interview may similarly be conducted so that it 
becomes not a matter of getting answers to specific questions but an 
opportunity for the subject to reveal himself spontaneously in much 
the same fashion that he might in responding to unstructured ink-blots. 
Such a spontaneous interview procedure has been discussed and con- 
trasted with the more constrained type of question-and-answer 
method. 

It may thus be concluded that all three of the main approaches 
can yield valuable data if properly employed, and that, although they 
may be distinguished quite validly for purposes of exposition, a more 
useful way of thinking about them is to emphasize the type of 
behavior — opinion, overt, or implicit — ^which each yields. It is then 
necessary to add that the opinion behavior of the subject, while highly 
superficial in some respects, is vital for a full understanding of him, 
since important self-critical defenses are here involved that are as 
much a part of the personality as anything else. The full understand- 
ing in question similarly requires that the somewhat more revealing 
overt behavior of the subject also needs to be taken into account; to 
know how the subject behaves in miniature or actual life situations is 
certainly of great value to a complete understanding of him. There 
still remains, however, those implicit determinative aspects of behavior 
that are hardly open to direct observation in the overt behavior of 
the subject but which the projective techniques can illuminate. 

The meeting of the three main approaches becomes the more impor- 
tant in view of the interdependence of the total personality, which 
nearly every student of human nature now regards as a basic postulate. 
Although the projective techniques emphasize this point of view more 
completely than do other approaches, it is obvious that these other 
methods can contribute to the picture of the total individual aspects 
which may not be evident from the projective techniques alone. The 
necessity for the multiple study of a person is apparent whatever 
theoretical standpoint the investigator may adopt. The personality 
is so complex both in its facets and in the levels of its operation that 
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to hope for any simple or limited tool which will yield all there is to 
know is fatuous. Both in clinical practice and in fundamental 
research, the appraisal and investigation of personality at the present 
time demand a composite plan of attack in which opinion, overt, and 
implicit behavior are all elicited and evaluated in a complementary 
fashion. 
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Chapter 1 9 


Methods and Techniques in 
Clinical Psychology 

The Late Andrew W. Brown^ 


The term clinical psychology is nsed with two quite distinct ineaii- 
ings, which it is necessary to distinguish at the outset. The expression 
is frequently used to indicate a branch or subdivision of the total 
field of psychology, just as the term organic chemistry designates a 
branch of chemistry or physiGal anthropology delimits a certain area 
of the general field of anthropology. The term is also used to indi- 
cate a method of approach in the study of human behavior. In this 
chapter the term will be used in both senses. In most instances the 
context will make the meaning clear. 

For the most part, however, this chapter will be concerned with 
clinical psychology as a method of approach. Most of the methods 
used in the investigation of human behavior can be grouped into three 
large categories: (a) the experimental approach, (5) the differential 
or statistical approach, and (c) the clinicar approach. (See Chapter 
1.) Each of these methods has its own peculiar advantages, and each 
has its limitations. No one of them is sufficient in itself to supply 
all the data necessary to construct a systematic body of knowledge 
which might be dignified by the Term science. To be sure, these 
methods are not sharply differentiated, and in any particular investi- 
gation two or even all three methods might be employed. 

In the statistical approach the experimenter starts with some 
hypothesis or with some assumption which it is his intention to investi- 
gate. He usually develops some instruments or tests of his own 
which can be treated quantitatively or uses those already available. 
With the aid of these instruments he collects samples of the behavior 
of a large number of individuals in relation to the problem under 
investigation. Then, with the aid of statistical devices and tools, he 
analyzes these data and arrives at some generalization or theory in 

1 Formerly Associate Professor of Psychology, University of Chicago. 
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regard to human nature. During the past 25 years this has been 
one of the most fruitful methods in psychological research. Such an 
approach has the advantage of clear, straightforward, inductive logic, 
precision of definition of concepts, and directness of interpretation. 
Its chief limitation lies in the fact that important areas of human 
behavior have not as yet been subjected to statistical study and 
analysis. 

The experimental method too has its distinct advantages and also 
its limitations. A student pursuing this approach will set up his 
hypothesis, establish rigid controls, keep all variables constant except 
the one under investigation, use the most refined instruments available 
for the study of the phenomenon in question, record his observation, 
analyze his data with as much precision as possible, deduce his con- 
clusions, and retest his hypothesis, and will make the whole process 
“public and repeatable.’^ This is the time-honored scientific method, 
and in the long run all deductions must be submitted to this rigorous 
method of discovery and proof before they are admitted to the body 
of knowledge called science. 

In the study of human behavior, however, this method has certain 
limitations. Often the behavior being observed in the experimental 
situation is isolated and out of context and may bear little causal 
relation to similar behavior as it occurs in an actual life situation, for 
the simple reason that in the actual life situation the factors condi- 
tioning the behavior are quite different from those set up in the 
laboratory experiment. 

The clinical method of approach to the study of human behavior 
lacks the objective rigidity of either of the other two methods and to 
the extent that it lacks this rigidity may correctly be regarded as 
unscientific. This much, however, is true: it provides information 
which it is as yet impossible to secure by either of the other methods. 
In fact, it is fairly generally recognized that the “problems” of an 
individual case cannot be understood without the use of clinical 
methods. The nature of these methods will be made clear in this 
chapter. 


Delineation of the Field 

Two or three methods, none of which is definitive, have been used 
to determine the boundaries of an applied science. One method is to 
accept a priori definitions of the field, A second method is to survey 
the work being done by those in the field and from such a survey 
make a “job description” of the tasks performed. A third method 
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is to investigate the type of training received by those engaged in 
the activities involved. All of these methods have been used. The 
difficulty with them is that one finds such wide ranges of opinion and 
practice that definitive conclusions are difficult. 

If the boundaries are set by a priori definitions, then clinical psy- 
chology has a wide berth indeed. For example, the committee of the 
clinical section of the American Psychological Association recommends 
that the term clinical psychology “be used to denote that art and 
technology which deals with the adjustment problems of human 
beings.’^ Again, Doll defines clinical psychology as “the science, 
technique, and art of employing psychological principles, methods, 
and procedures to promote the welfare of the individual person for 
purposes of optimum social adjustment and self-expression^’ [5]. 
There is substantial agreement in these definitions, which make clear 
that clinical psychology concerns itself with both the diagnosis and 
“treatment” of the psychological, i.e., non-medical, problems of human 
beings. 

If the boundaries of the field and consequently the methods 
employed are empirically determined through a survey of the work 
actually being done by those who call themselves clinical psycholo- 
gists, then again there is wide latitude. Such surveys [5, 6] have 
shown that the clinician is engaged in a very wide variety of activities, 
ranging all the w^ay from simple psychometrics (usually under the 
direction of a superior) to independent consulting work where difficult 
problems of diagnosis and treatment are encountered. 

Finally, if the limits of the field are to be determined by the type 
of problems which the clinician by right of his training and experience 
is prepared to handle, then the variety of tasks within the clinical field 
is even greater than if determined by either of the other methods. 
The difference in the training of psychologists in clinical practice is 
very great, ranging from the A.B. degree, with perhaps a major in 
psychology, to the Ph.D. degree, involving several years of graduate 
training and experience. 

Whether the limits of the field are determined by a priori definition, 
by an empirical survey of the tasks performed, or by an investigation 
of the training the psychologist receives, it is clear that if he is to 
perform at the highest level he must be prepared to cope with a wide 
variety of problems. These problems range all the way from deter- 
mining a Stanford-Binet IQ to analyzing complex personality prob- 
lems and effecting an appropriate method of re-education. It is of 
course assumed in the foregoing statement that, when either medical 
or legal problems are involved, the psychologist works in cooperation 
with a qualified physician or psychiatrist. 
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The Problems Confronted by the Clinician 

It is evident from what has just been stated that the problem of 
methods is inextricably associated with the problem of the delineation 
of the field. If, as is assumed in the previous section, the clinical 
psychologist is to perform the very serious and responsible task of 
giving technical advice on complex problems of human behavior and 
adjustment, he must be adequately prepared; otherwise he may do 
himself, his client, and his profession incalculable damage. In other 
words, the clinical psychologist, especially if he is to be a “general 
practitioner” or consultant, must be adequately equipped with a 
variety of techniques and methods for the analyses and treatment of 
a large variety of behavior deviations. 

The problems of human behavior with which the clinician at one 
time or another may have to deal are complex and numerous. 
Ackerson [1] lists some 300 different personality and conduct prob- 
lems for which children and young people have been referred to a 
guidance clinic. There is considerable overlapping in the notation 
of these problems, but with allowance for this overlapping his study 
indicates a wide range. The number of behavior deviations in any 
individual ranges from 1 or 2 to as many as 100 in extreme cases, with 
an average around 5 for personality problems and around 7 for conduct 
problems. 

The most frequently appearing behavior difficulties and reasons 
for referring to the clinic, as noted by Ackerson [1] in 5000 consecu- 
tive clinic cases, are shown in Table I. The problems presented in 
Table I are those noted by psychiatrists, physicians, social workers, 
and psychologists and mentioned in the case record and tabulated 
by the research worker. The “per cent” column indicates the number 
of cases in which a given problem was noted in the record. 

There are several factors which determine both the type of problem 
and the frequency of its occurrence. A publicly supported free clinic 
will have quite a different clientele from a private clinic. The 
“intake” policy is likewise a selective factor. Moreover, the problem 
recorded in the record will depend upon the particular biases of the 
professional workers in charge. The percentages therefore must be 
regarded as only a rough approximation of the true percentages in 
the general population. 

It will be noted from Table I that a large number of problems seen 
in the clinic might be described as conduct or personality disorders, 
and the methods employed in dealing with them are those which have 
been found effective in diagnosis and treatment. It is important, 
however, to recognize that there are many other types of clinical 
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TABLE I 


Frequently Appearing Clinical Problems 


Problems 

Per Cent 

Nervousness, restlessness, irritable temperament 41 

Disobedience, incorrigibility, stubbornness, contrariness, defiant attitude 40 

Retardation in school 37 

Question of feeblemindedness or indequate intelligence 31 

Temper display, “tantrums,” irritable temperament 31 

Dull, slow manner, listlessness, lack of initiative or ambition 30 

Stealing 26 

Immature childish manner or judgments, impaired judgment 26 

Fighting, quarrelsomeness, violence, and threatening violence 25 

Enuresis or bedwetting (beyond third birthday) 25 

Lying, marked untruthfulness 24 

Advice regarding placement, commitment, or institutionalissation 24 

Poor work in school 23 

“Crying spells,” crying easily 22 

Truancy from school 19 

Masturbation 19 

Truancy from home 18 

Sensitiveness or worrisomeness (general), sensitiveness or worry over some 
specific fact or episode 18 

Bashfulness, shyness 17 


problems which the psychologist is expected to handle either alone 
or in cooperation with a physician or psychiatrist. 

For example, special methods and techniques are required in dealing 
with the many difficult social and psychological problems of the blind 
or partially blind, the deaf and hard of hearing, the physically and 
mentally handicapped, the spastic, the epileptic, the postencephalitic, 
the bright child retarded in school, the child with severe reading diffi- 
culty, the person with speech difficulties, and the individual who has 
difficulty in making an adequate vocational adjustment. All these 
require special, clinical methods and techniques which the psychologist 
must be equipped to employ. World War II has probably increased 
the number of problems and consequently the demand for trained 
clinical psychologists, but probably has not increased the variety of 
problems. War neurosis, battle fatigue, etc., arc simply old problems 
with new names. 

The Clinical Approach 

It will be helpful at this point to recall the definition of clinical 
psychology stated at the beginning of this chapter and note now the 
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" implication for clinical methods. Clinical psychology was defined 

as ''the art and technology of dealing with the adjustment problems of 
human beings.^’ In this definition there are several implications for 
clinical methods: first, that the methods are applied to an individual 
case; second, that the individual has some "problem” ; third, that both 
methods of diagnosis and treatment are employed in dealing with these 
problems; and fourth, that the clinical approach is an art as well as 
a science and a technology. It is important that these aspects be 
emphasized, as they give the clinical approach its uniqueness. 

It is clear from this definition that clinical methods may include 
a wide range of techniques. In fact, any device, scheme, procedure, 
or instrument which a trained psychologist can use and which will 
give him a better understanding of human behavior or assist in its 
modification may rightfully be regarded as falling within the scope of 
clinical methods. If, for example, the operation of an electroencepha- 
lograph (see pages 448-451) is necessary for the understanding of 
the psychological problems of epilepsy, then this becomes a clinical 
instrument. If knowing how to give, score, and interpret the 
Rorschach test (see pages 558-560) provides the clinician with a 
technique for a better understanding of human motivation, then this 
too becomes a clinical device; if a mastery of the technique of psycho- 
drama increases the psychologist’s skill in treating behavior malad- 
justments, then this too falls wuthin the scope of clinical methods. 


METHOD OF DIAGNOSIS 

It is obvious that the methods used in the analysis of any clinical 
case will vary with the problems involved. The approach in studying 
the problems of a juvenile delinquent will, for example, be quite 
different from that involved in. examining a blind child to determine 
whether he should be sent to a school for the blind or to an institution 
for mental defectives. Although the details of the method may vary 
with the individual case, certain aspects of the approach are similar 
in their broad outline in all cases. These will be presented in the 
following sections. 


Physical Examination 

Every individual coming to a psychological clinic or being seen and 
"treated” by a psychologist should have a careful physical examina- 
tion either by a physician in the clinic or by the family doctor. The 
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psychologist should hold to this rule fairly rigidly, even though 70 
to 80 per cent of the cases so examined by competent physicians are 
reported negative. It is important that the psychologist, in attempt- 
ing to modify the behavior of any individual, should know whether 
the behavior exhibited is of a functional or of an organic basis. If 
the basis is organic, then the psychologist should work in close coop- 
eration with a medically trained person. If, for example, the problem 
is truancy from school, the psychologist’s first task is to rule out the 
possibility that the truancy is the result of postencephalitis, a brain 
injury, or some other physical defect. 


The Case History 

Perhaps the most important single instrument in the clinical exami- 
nation is the case history. It is the only method by which the 
psychologist can gain an understanding of the development of the 
behavior. Psychological insight into the nature of any problem can 
be gained only by a knowledge of the forces, in their chronological 
relationships, which have acted upon the individual and to which he 
has reacted to make him what he is. These environmental ‘Tield 
forces” include not only those which constitute the cultural and com- 
munity pattern, but also the subtle interaction in the immediate 
family group to which the individual has been exposed. Especially 
important are the forces to which the individual has reacted in the 
early years of his life, as these reactions form the habits of thinking 
and acting which become selective and contribute heavily to the deter- 
mination" of his later behavior. In many clinical cases the history 
alone not only gives an adequate diagnosis of the problem, but also 
suggests the methods of treatment. 

The case-history method has frequently been criticized as unre- 
liable and consequently unscientific as a znethod of approach in the 
study of human behavior. These criticisms have been based on two 
important observations. First, the report depends upon the memory 
or recall of past events of either the client or the informant, and recall 
is known to be inaccurate, especially when one is asked to recall 
events of several years ago. Second, any report is likely to be given 
either with a '‘halo effect” or with a bias, and consequently it may be 
either consciously or unconsciously distorted. These are sound objec- 
tions and must be taken into account both in securing and in inter- 
preting the case history. They are not, however, sufficiently pertinent 
to warrant the rejection of the case history as a scientific method. 
Instead, the psychologist should use every possible technique to mini- 
mize the chance of error. 
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In taking or recording the case history, the clinician recognizes that 
the recall of events is likely to be inaccurate, and he is constantly on 
guard and silently critical of data reported. He checks and examine.s 
them from as many different points of view as possible. He is on the 
watch for consistencies and inconsistencies in the report. The experi- 
enced historian is likely, during the initial stages of this fact-finding 
inteiwiew, to form hypotheses regarding the family, the parental rela- 
tionship, the marital relationship, the sibling relationship, the economic 
status, or other possible causative factors. He holds these hypotheses 
tentatively and during the interview is in a continual process of 
revising and changing them. He skillfully directs the interview in 
such a manner as to test the hypotheses. In this process an eiTor in 
the report of a single event is not a significant matter, as the test of 
the hypotheses depends not upon the veracity of a single statement 
but upon the relationship of a constellation of events, which it is 
difficult to falsify. 

The historical data required for the understanding of any given 
case will depend, to some extent at least, upon the problem involved. 
For example, it is of little value to secure a detailed report of the 
mental and physical welfare of the paternal and maternal grand- 
parents or the aunts and uncles of a young child referred to the clinic 
because of nail biting, thumb sucking, or enuresis. On the other hand, 
such information may be very necessary and pertinent if the child 
was referred because of mental retardation or some kind of seizure. 
Consequently, any outline for writing or reporting a life history is 
only suggestive. For some cases it may not be adequate; for others 
it may be in too great detail, and frequently much of the information 
it calls for will not be pertinent. 

Space does not permit the inclusion in this chapter of a detailed 
schedule for taking a case history.^ The following broad categories, 
with some of the details, indicate a few of the important lines of 
inquiry necessary for understanding most cases. A summary of the 
outline IS presented in order to give an over-all view of the factors 
considered important in determining behavior patterns. 

It will be observed that inquiry into three general areas is stressed- 
first, the organic, physical, and physiological; second, the environ- 
mental, and, third, the interaction between these two, including the 
influence of this interaction on subsequent behavior. 

2 The student will find two of these included in References 4 and 10. 


Summary 

OF 

Case-history Outline 

I. Identifying data. 

IL Statement of problem. 

III. Congenital and physical factors determining behavior. 

A. Congenital factors. 

B. Physical factors (developmental). 

IV. Environmental forces or situations which have influenced behavior. 

A. Factors in the home, 

1. Father. 

2. Mother. 

3. Siblings. 

4. Physical conditions. 

5. Method of control and supervision. 

B. Community and cultural factors. 

C. Educational factors. 

D. Occupational factors. 

E. Becreational factors. 

V. Reactions to the congenital, physiological, and environmental forces, which 
may have in turn influenced present behavior. 

A. Reactions in early childhood. 

B. Reaction in later childhood and adolescence. 

VI. Sources of information. 

Case-history Outline 

I. Identifying data. 

Name, date of birth, age, sex, race, marital status, grade in school, occupa- 
tion, names of members of family. 

II. Statement of the problem. 

Who is referring the case and why? What is the nature of the behavior 
disturbance? Who is being disturbed? Give specific examples. In some 
cases it may be helpful to give at this time a brief history of the evoliitioh 
of the problem. 

III. Congenital and physical factors. 

A. Congenital factors. 

Inquire regarding insanity, feeblemindedness, epilepsy, glandular dis- 
orders, alcoholism, ^'nervous breakdowns,” instability, queerness, etc., in* 
the maternal and paternal relatives, parents, and siblings. 

B. Physical factors (developmental). 

Inquire regarding condition of mother during pregnancy; nature of de- 
livery; careful history of any birth injur^’^; childhood diseases, (give 
course and any residual of each) ; accidents, convulsions, fainting spells, 
glandular disturbances; attitudes of parents toward health; age weaned, 
age of walking, talking, teething; inquire especially regarding diseases 
of the nervous system, encephalitis, chorea, “nervousness,” nervous in- 
digestion, prolonged sleeping spells; secure height and weight norms; 
secure report of medical or physical examination. 

IV. Environmental forces or situations. 

A. Factors in the home. 

1. Father. 

Inquire regarding his own childhood experiences, his education, occu- 
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pation, and economic status, religion, and dominant personality 
traits. His attitude toward wife and siblings: kindly, sympatiietie, 
dominating, democratic, etc. Hobbies, recreational interests, talents, 
physical characteristics, frustrations, and other important factors 
which may help to indicate his influence on the behavior of the client. 

2. Mother, 

Same as for father, and in addition inquire regarding the expression 
of the maternal relationship. Is it one of rejection or over- 
protection? Follow up, depending on the problem or the tentative 
hypothesis established. 

3- Sibling interrelationships. 

Attitude toward each other, their health, undue quarreling, rivalry, 
closely knit, schooling, present whereabouts, or occupations and 
activities. 

4. Physical conditions in the home. 

Secure a brief chronological account of home life from birth to 
present time, including changes in residence, foster-home placement, 
or the like. Inquire regarding orderliness, cleanliness, regularity, 
sleeping arrangements, facilities for recreation. 

5. Methods of control and supervision. 

Inquire if parents openly disagree in regard to discipline. Are they 
consistent? What kind of discipline, bribes, threats, deprivations? 
Are the parents indulgent, lax, repressive, cruel, just and sensible? 
Are there home duties or responsibilities? 

B. Community and cultural factors. 

Inquire regarding nationality and religious background ; extent of parti- 
cipation in church activities; political activities; economic and social 
status of family in community; extent to which family has accepted 
the dominant community culture. 

Inquire regarding neighborhood, if possible give delinquency or other 
rates, dominant nationality, economic status, types of dwellings, social 
controls, recreational opportunities. 

G. Educational factors. 

Inquire regarding age of entering, record schools attended, with location, 
grades repeated or skipped, any special difficulties in school subjects— 
reading, arithmetic, etc. Attitudes toward teacher, subjects liked most, 
extracurricular activities, evidence of leadership, rank in class; edu- 
cational plans and ambitions. 

D. Occupational factors. 

Inquire regarding jobs held, reasons for changing jobs, dates of change, 
vocational interests and ambitions. What lias determined them? 
Special skills. 

E. Hecreational factors. 

Inquire regarding leisure-time activities. Are they solitary or with 
groups? Is subject sought out, tolerated, or rejected by others? Are 
there signs of leadership? Kinds of activities enjoyed? Do other 
members of family participate? Membership in gangs, clubs? Does 
subject have hobbies or special interests? 

V. Eeactions to the congenital physiological and environmental forces, which 

may have influenced present behavior. 

A. Reactions in early childhood. 

Emotional reactions, inquire regarding temper tantrums and how met 
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by parents, signs of stubbornness, suspiciousness, siiikiiig. Fear re- 
actions, their origin and how handled by parents, any night terrors 
or sleep walking. Love reaction, attachment to parents, dependent, 
overaffectionate, shy, fearful. Thumbsucking, nail biting, masturba- 
tion, etc. 

Is subject unusually sensitive, withdrawn, and secretive? Is he subject 
to crying or laughing spells? Does he laugh spontaneously and freely? 
Is he listless, distractable, hyperactive? Is he quaiTelsome, impatient, 
selfish, cruel to other children or to animals? Is he inattentive, dis- 
interested in surroundings, fussy, repressed, tense? 

B. Reactions in later childhood and adolescence. 

Inquire regarding freedom of expression, dependency on parents. Is 
subject becoming emancipated from parental control? Is he happy in 
group activities? Is he predominantly happy and carefree, outgoing, 
extroverted? Does he have many friends, is he a leader? Is he at 
ease with the opposite sex, does he date? What are his dominant 
recreational activities? Has he had any delinquency record or any 
contact with law-enforcing agencies? 

VI. Sources of information. 

List all sources of information in order of importance (amount of informa- 
tion received). Give name, address, and relationship to child of each 
person furnishing information. Statements of other than the main in- 
formant should be so indicated. 

Impression of the informant: note appearance, intelligence, personality, in- 
sight, attitudes, and cooperation. Evaluate the reliability and adequacy 
of the information given. Evaluate the informant’s capacity, intellectually 
and emotionally, to cooperate in a plan of treatment of the child. 

List all social agencies who have had contact with the family (relief, 
medical, psychiatric, and other agencies) and the history of the contact 
of each. Include reports from agencies in the body of the case history 
under appropriate headings, indicating source in every case. 


The Clinical Interview 

Interviewing constitutes such an important aspect of clinical pro- 
cedures that any treatment of it which can be given in a section of 
one chapter must of necessity be very inadequate. Yet such a chapter 
would be incomplete without some reference to this subject. 

The interview is one of the clinician’s most important instruments, 
because it is on the interview that he must rely for much of his data 
and it is through the interview that he must carry on much of his 
“treatment.” It is highly important therefore that this art be care- 
fully cultivated and refined. The clinician will find that a highly 
developed skill in this direction is indispensable to successful clinical 
practice. The student who wishes to become thoroughly acquainted 
with interviewing techniques will do well to read the excellent discus- 
sions provided by Bingham and Moore [2], Garrett [7], Rogers [15], 
Symonds [17], and Williamson and Darley [21]. 
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As already indicated, there are two chief purposes for which the 
interview is used: first, to secure information, and, second, to impart 
information. In some instances both these functions are performed 
at the same time. There are many different purposes for which a 
clinician may wish to secure information, just as there are many 
different purposes for which he may wish to impart information, and 
the technique of the interviewer will vary with each occasion. Cer- 
tainly the approach in public-poll interviewing or in a commercial 
survey is quite different from that used in securing the life history of 
a neurotic patient, yet in each case the interview is to secure informa- 
tion for a certain purpose. Again, the technique used in the final 
interview of a young man who has been referred for vocational guid- 
ance will be quite different from that in a non-directive therapeutic 
interview [15], yet the purpose of both is to impart certain informa- 
tion. Moreover, the interview will vary with age, sex, the nature of 
the problem, the personality of the client, and the attitude the client 
brings to the interview situation. 

So many circumstances can alter the method used in securing or 
imparting information that it may seem hazardous to attempt any 
generalization. There are, however, some rules which are held 
inviolate. In clinical practice most of these become so much a part 
of the clinician’s technique and manner that he is not conscious of 
using them. 

First, the clinician must have a genuine interest in the welfare of 
his client. There must be a warmth of feeling and understanding 
which the client at once recognizes as real and sincere. It is not 
enough to smile blandly and talk sweetly; the client must have a 
feeling of acceptance and friendliness. If the conditions implied in 
this generalization exist, most of the other principles enumerated 
will, with some experience, follow naturally. 

Second, the clinical interviewer must be a good listener. lUe must 
be willing to permit the client full and free expression without inject- 
ing his own opinions, wishes, or theories. This does not mean that 
he must be a passive robot. A good listener is one who can, by his 
manner and attitude, convince his, client that he is genuinely inter- 
ested and appreciative of what is being related. 

Third, a good clinical interviewer is a keen observer of behavior 
and is skilled in the art of interpreting movements, verbal responses, 
and changes of expression. Although he must be keen, he must 
at the same time be cautious, as it is very easy with the lack of any 
objective evidence to make misinterpretations. It is only after care- 
ful study and much practice in the association of activities and lan- 
guage with certain meaning or symptoms and checking and rechecking 
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his interpretation that the clinician can have any confidence in his 
conclusions. 

Fourth, the good interviewer must have insight into the motivation 
of his own behavior. He must be aware of his own limitations as 
well as his own strengths and be able to compensate for them in some 
socially acceptable way. 

A thorough analysis of interviewing technique is provided by 
Roethlisberger and Dickson [16]. Although the conceptual scheme 
which these authors develop is specifically directed toward interviewing 
in a large industrial plant, it is equally applicable to clinical methods 
and is briefly summarized here: 

I. The interviewer should treat what is said in an interview as an item in a 
context. 

This rule has several important corollaries. 

A. The interviewer should not pay exclusive attention to the manifest 
content of the intercoui’se. 

B. The interviewer should not treat everything that is said as eithei’ fact 
or error. 

C. The interviewer should not treat everything that is said as being at the 
same psychological level. 

II. The interviewer should listen not only to what a person wants to say but 
also for what he does not want to say or cannot say without help. 

III. The interviewer should treat the mental contexts described in the preceding 
rule as indices and seek through them the personal reference that is being 
revealed. 

IV. The interviewer should keep the personal reference in its social context. 

A. The interviewer should remember that the interview is itself a social 
situation and that therefore the social relation existing between t.he 
interviewer and the interviewee is in part determining what is said. 

B. The interviewer should see to it that the speaker’s sentiments do not act 
on his own.^ 

The reader is referred to the text for an elaboration and interpre- 
tation of these rules. It is clear that several years’ experience at actual 
interviewing is necessary for the mastery of these techniques. 


The Appraisal of Aptitudes and Abilities 

Use of psychological tests. The appraisal of aptitudes and 
abilities and the consequent diagnosis of strengths and weaknesses 
by means of objective tests are such important aspects of clinical 
methods that frequently they have been regarded as the only tech- 
niques a psychologist should use. As pointed out in an earlier section 
of this chapter, however, if in his analysis the clinician confines him- 

3 From Boethlisberger and Dickson [161 . 
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self solely to the objective-test approach, large and important areas 
of any given behavior pattern will be left unexplored. Securing a 
history of the individuahs development and an investigation of his 
own feelings and attitudes, neither of which can be adequately deter- 
mined by objective tests alone, are important clinical procedure in 
the understanding of behavior. However, just as it is important not 
to lean too heavily on objective measurements, so is it important not 
to underemphasize them. The objective-test procedure is the one 
aspect of clinical method which may lay some claim to scientific 
accuracy. The other methods of drawing inferences from histories 
and interviews, although important, are those of the artist and depend 
upon experiential cues rather than upon objective evidence. The 
only reason the clinician resorts to this intuitive method is that psy- 
chology has not yet been able to develop tools which enable him to 
explore certain important areas of behavior scientifically. When the 
tools become available for a completely objective appraisal of human 
behavior, the clinician will be obliged to use them, and the methods 
of clinical psychology will then be much more in accord with the 
method of the exact sciences than they are at the present time. 

Because the psychologist in his constant attempt to refine and 
improve his instruments has discovered some serious inadequacies in 
the “reliability” and “validity” of psychological tests, there has been 
a tendency on the part of a number of clinicians in recent years to 
discard them entirely or to minimize their use very greatly and resort 
almost completely to documentary evidence. They find it less dis- 
quieting to use instruments whose errors are not known than to use 
those who errors are known, even though the errors in the former may 
be much greater than those in the latter. In his excellent book. How 
to Counsel Students [22] gives a clear expression of this 
point of view: 

This much may be said in defense of the testing method of analysis. The 
psychologist is one of the very few professional workers in the field of diag- 
nosis who has studied his tools critically and scientifically to discover their 
weaknesses and strengths, quite apart from his own beliefs, prejudices, and 
hopes. For few other techniques has such a refined check been made of 
the accuracy of analysis. Possibly because of his naivete, the psychologist 
has candidly published the results of research showing the limitations and 
errors of his tools. Since his are the only guidance tools presented with their 
errors listed, many people conclude that all other tools are free from error 
or that errors of other tools are negligible as compared with those of tests. 
This has led to the belief of uninformed counselors that there are no errors, 
few errors, or less serious errors in other techniques of analysis. 

This fallacy of abandoning one tool because its errors and limitations have 
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been discovered through research and clinical practice, and substituting 
another tool, the errors of which are "as yet unknown or ignored, is character- 
istic of many present-day counselors. Many such counselors learn of the 
errors in tests and then proceed to avoid using them, preferring to use 
analytic techniques of self-analysis, tryout (work or school experience) , or 
the reading of a book on occupational information, apparently blissfully 
ignorant of the many serious errors and limitations of these substitute tools. 

The instruments available. In so brief an account of clinical 
method as is necessarily contained in this chapter, no attempt can be 
made to survey the many instruments which psychologists and other 
scientists, through their constant and indefatigable research over a 
period of years, have made available for the appraisal of human 
behavior. There are many excellent manuals and textbooks giving 
detailed descriptions of these instruments and the methods of inter- 
preting the results. The student is referred particularly to Chapter 
17 of this book and to the books by Greene [8], Buros [3], Pintner 
[13], Terman and Merrill [18], and Wechsler [20]. The skill of the 
clinician wdll be directly proportional to his mastery of the intelligent 
use of these instruments. This, of course, does not preclude the 
necessity of other skills, but without skill in the use of the tools avail- 
able for clinical practice he cannot expect to become an efficient 
clinician. 

Psychological tests are available for a very great range of human 
problems covering a wide age span: infancy to senility. In fact, 
these instruments have become so numerous that mastery of the tech- 
nique of administering and interpreting all of them has become 
almost impossible. The clinician has been forced to specialize either 
in some areas of investigation, such as educational problems, intellec- 
tual difficulties, or emotional difficulties, or in the problems of some 
age group, such as the preschool child, the elementary school group, 
adolescents, or adults. Even within any one of these areas the 
instruments and devices available for the objective evaluation and 
investigation of behavior are very numerous. 

The following wdll illustrate some of the problems with wdiich the 
psychologist in a typical child-guidance clinic is confronted and for 
which an objective evaluation is required: 

A 7-year-old blind child has been temporarily refused admission to 
the state school for the blind. The superintendent w^ants to know his 
level of intelligence. 

A child who is known to have average or superior ability is severely 
retarded in school. The principal wishes a diagnosis of the difficulty 
and suggestions for remedial work. 

The judge wishes to know whether a 14-year-old boy who has been 
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brought before him for breaking into a store should be sent to the 
state correctional school for boys or to the state school for borderline 
mental-defective delinquents. 

A child had a brain injury at birth which has markedly affected 
his speech. The parents are concerned about his intellectual 
development. ^ 

A boy is ready for high school, and the parents would like to have 
an appraisal of his abilities and interests so that they can be more 
intelligent in their guidance. 

These problems could be multiplied many times. All of them 
require a ready knowledge of the tests available for the age groups 
and problems involved.. In a clinical situation the clinician will not 
have the opportunity to go to a test file or a yearbook to discover 
the most appropriate tests for the analysis of a given problem. He 
must have this information ready at hand as a part of his clinical 
training. ' 

In general the psychological tests and inventories available for the 
appraisal of human behavior may be divided into the following 
■categories: 

1. Tests of general mtelligence, 

;■ 1.' Verbal. 

■ ■ ,2. Performance. ■ ■ 

'.■■ B.. Group Aests."' 

1. For the primary grades. 

2. For the intermediate grades. 

3. For high school. 

•'.■;■■ ;4." For ■■college. ^ 

11. Tests of school or academic achievement. 

III. Vocational tests and tests of special aptitudes. 

IV. Vocational-interest inventories. 

V. Character and personality tests and schedules. 

VI. Rating and attitude scales. 

VII. Tests for special disabilities. 

In each of these categories a large number of tests or inventories 
arc available by which the psychologist may obtain a quantitative 
rating of the individual’s abilities and aptitudes. 

The tests in some categories are much more reliable and valid than 
others. In general, the educational tests have the highest degree of 
predictability. Then follow the intelligence tests and the tests of 
special aptitudes. The character and personality tests have not 
proved particularly valid; i.e., they have not been very successful 
in predicting the situation as it actually exists. 

A series of measurenaents which promise to be of particular value 

B8k 


for clinical purposes are the tests of primary abilities developed by 
L. L. Thurstone [19]. Other things being equal, the more diagnostic 
an instrument is, the greater its clinical A^alue, as it supplies the 
clinician with evidence of the subject's strengths and weaknesses and 
lets him know what abilities might be utilized in vocational training 
and what remedial measures should be applied- These tests of pri- 
mary abilities are of this nature. Instead of an ove:^-all rating in 
terms of an IQ or some other general index of brightness, the subject’s 
intellectual capacity is described in terms \3f several independent 
factors. These are known as (a) the space factor, designated by the 
letter S: the ability to visualize in space flat or solid objects; (b) the 
number factor, designated by the letter N: the ability to do simple 
numerical tasks; (c) the V or verbal comprehension factor : the ability 
to deal with verbal concepts; (d) the word-fluency factor: the ability 
to produce words in a restricted context; (e) an ikf or a memory 
factor (which recent investigations seem to indicate as a composite of 
several memory factors) : the ability to recall events and expeidences; 
(/) an I or inductive factor: the ability to discover the rule or prin- 
ciple in the material one is working with; and (g) a F or perceptual 
factor: the ability to group things together into some form or con- 
sistent pattern. A number of tests are available which give fairly 
good indices of ability in each of these characteristics of a person’s 
intellectual capacity. The clinical value of such a battery of tests 
over the single index for the analysis of intellect is fai^dy obvious. A 
more detailed description of these instruments is provided in Chapter 
17. 

In addition to these pencil-and-paper tests for the appraisal of the 
abilities, aptitudes, and interests of the more usual clinic case, there 
are a number of instruments available for the study of the physically 
and mentally handicapped with which the clinician must be thoroughly 
familiar. In general, such tests as have been briefly mentioned do 
not apply to the blind, the deaf, the spastic, the epileptic, the hard 
of hearing, the brain injured, or the individual with a severe reading 
handicap, yet the study of these problems constitutes a considerable 
part of the psychologist’s work in a clinic. Frequently, special types 
of tests are necessary in order to make an adequate diagnosis. It 
may be that the psychologist is not skilled in the use of some of these 
instruments. He should know about them, however, and be able to 
refer the case to a competent authority in the field. 

Interpretation op results. Although the most important pur- 
pose in giving a psychological test is to secure an accurate quantitative 
or objective evaluation of some aspect of behavior so that the indi- 
vidual in question can be compared with other individuals in the same 
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group, nevertheless it is important that the psychologist make careful 
clinical observation of the client during the testing session. Olten 
these observations contribute more to the understanding of the 
behavior than does the quantitative score. In fact, many psycholo- 
gists regard the testing situation as a controlled interview in which 
the behavior of the client can be observed under standardized 
conditions. , 

The following outline has been found useful as a guide in inter- 
preting the results of the Revised Stanford-Binet Examination : 

Outline 

To serve as a guide in interpreting 
results of the Revised Stanford-Binet Examination 

School or institution Examiner ..... 

Name Date of examination.. 

Date of birth 

Name of test 


CA Act. grade placement, 

MA MA grade placement, 

IQ. TM classification 


1. Observation of child’s behavior during examination. 

A. Approach to examination: Is he resistant, passive, enthusiastic, reluctant? 

B. Attitude during examination: Is he spontaneous, inquisitive, impatient, 
irritable, interested in tests, aggressive, defiant, indifferent, shy, fearful, 
apprehensive, overpolite, cordial, distrac table, persistent, suggestible? 

C. Responses to directions: Are they quick, slow, deliberate, careful, care- 
less, impulsive, reflective, logical, irrelevant, rambling? 

D. Physical activity: Je he restless, lethargic? Does he exhibit specific 
mannerisms, such as nail biting, picking his fingers or other parts of his 
body or clothes, blinking, twitching, jerky movements, tremors, etc.? 

E. Speech: Describe defect, if any: stuttering, articulatory (record phoneti- 
cally words mispronounced). 

2. Analysis of test results. 

Give basal and scatter; mention any significant or consistent type of 
failures or success, language handicap, reading difficulty. 

3. Evaluation of rating. 

Compare with previous ratings, if any (explaining discrepancies) ; compare 
MA grade placement and actual grade placement; compare MA grade with 
results of achievement tests, if any; describe any circumstance or condition 
which may have served to make the rating too high or too low. 

4. Recommendations regarding (a) school placement, (b) tutoring, (c) institu- 
tional placement, (d) special help, (e) future progress. 

One of the most useful de'dces in interpreting the results of the 
psychological examination is the psychological profile, which is 
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simply a chart of equated scores, usually either percentiles or modi- 
fied standard scores. The profile is a method of presenting these 
scores on a series of tests in a brief form, so that the reader can see at 
a glance where the subject stands in each of a number of traits and 
also any pattern of abilities. 

The sample profile presented is that of a young unmarried woman 
20 years of age. Her educational background included IY 2 years at 
a college which she was attending at the time the profile was made. 
She reported one summer of experience working as a typist for her 
father’s building and loan company. She stated that her high school 
and first-year-college work emphasized commercial and secretarial 
courses. However, she had had considerable difficulty with college 
economics and she had changed the emphasis of her schooling to the 
elementary teaching field. 

The young woman came to the clinical laboratory because she was 
undecided about the type of work for which her interests and abilities 
were best suited. She was interested in obtaining a comparative 
measurement of her abilities, aptitudes, and interests to aid her in 
planning her future college work and her career. 

Several of the test scores on the Bernreuter Personality Inventory, 
the Kuder Interest Inventory, and the Allport- Vernon Study of Values 
are omitted from the chart because of lack of space. A detailed inter- 
pretation of this profile will not be attempted, but even a superficial 
glance will enable the reader to make certain tentative inferences. 
First, it is clear that this woman’s ability to carry college work was 
decidedly below that of the average student, and even though the 
correlation between scholastic aptitude and college success is not 
high, it is high enough to warrant the prediction that she will have 
some difficulty in completing her college work. Second, her pattern 
of abilities and interests was not fundamentally academic or scientific. 
Her vocabulary, her English aptitude, her reading, and her scientific 
interests were all low.. These results, when combined with the brief 
history, make a reasonably consistent picture. The clinician might 
find it advisable, on further analysis, to encourage the young woman 
to accept some other course than the one she was pursuing. The 
reader will be able to make several other tentative deductions from 
the chart. 

METHODS OF "TREATMENT” 

Meaning of the Term 

The term treatment, as it is used in present-day clinical work, is 
in many respects unfortunate, because it fails to reveal to the reader 
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Pbofilb of Psychological Test Scores 




Name Date. 


School or dep’t Date of birth : Age__. 


Name of Test 

Percentile Rank 

10 20 30 40 50 60 70 80 90 

Scholastic aptitude (Otis Higher) 











Vocabulary (O'Connor) 


z 









English aptitude (Iowa) 











Reading: Comprehension 


j 









Rate 


/ 









Clerical proficiency (Stalnaker) 











Sales aptitude ( Stevens -Kornhauser) 





N 

V 





Finger dexterity (Minnesota) 




--- 







Personality inventory (Bernreuter) 











Dominance 
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Social independence 
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Interest inventory (Kuder) 
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Scientific 










■ 

Social service 










■ 

Study of values (Allport) 







N 




Economic 








N 


— 

Theoretical 
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the nature of the process involved. In fact, the terra actually conceals 
from many parents and guardians the essential characteristic of the 
remedial procedures in that it tends to imply that the process is some- 
thing that can be superimposed from without, similar to giving a drug 
or performing an operation. The term therapy has similar objections. 
These terms, like the term clinical, have been borrowed from medicine 
and have unfortunately brought with them some of the same meaning 
they possess in that discipline. 

The term re-education, or even education, might describe the nature 
of the process more nearly than either treatment or psychotherapy. 
The essential psychological nature of “treatment” is the same as that 
involved in any other educative process. The chief difference between 
the education of the clinic, on one hand, and the education of the 
home, the community, and the school, on the other, is that in the 
clinic it is necessary to devise techniques and schemes to break down 
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old habits as well as to establish new ones, whereas the teacherj 
parent, or guardian is concerned for the most part in establishing only 
new habits. Even this distinction does not always hold. Often the 
good parent or the good teacher is a good clinician, employing with 
skill and accuracy all the essential methods of treatment used by the 
good clinician. Very frequently it is the chief task of a parent or 
teacher to ^^re-educate^' as well as to “educate/' and often he does 
it well. 

Treatment involves a change in behavior. The task of the clinician 
is so to arrange events and situations as to bring about this change. 
If the child has been brought to the clinic because he has been truant- 
ing from home and school, then the task of the clinician is to change 
this behavior pattern. If a client comes because he has a number of 
unexplainable fears and anxieties, the task of the clinician is to help 
him get rid of them. Treatment of any problem involves the acquisi- 
tion of a new behavior pattern or the discarding of an old one or both. 

The method of acquiring new patterns of behavior is a problem to 
which psychologists have given a great deal of attention. On one 
point there seems to be general agreement, namely, that behavior is 
acquired only through some kind of a reaction to a situation or a 
stimulus. This theory is known as the reaction hypothesis^ \vlnch 
states that all forms of behavior, whether muscular, glandular, or 
mental, are reactions to definite stimulation. 

The hypothesis has two very important implications for so-called 
treatment: First, that if a behavior pattern is to be changed, some 
stimulus or situation must be constructed to motivate the change; 
and, second, that the subject must be given some opportunity to prac- 
tice or “exercise” the behavior in the making. These are essential 
elements in the acquisition of any behavior pattern. If this hypothesis 
is accepted, then no treatment can be effective without having inherent 
in it these two factors. 

Many techniques and methods have been used by psychiatrists, 
psychologists, teachers, ministers, and priests in their attempt to 
change behavior patterns, and practically all methods from Coueism 
to psychoanalysis lay some claim to success, in terms of the individual 
case. The lame have w^alked, and the blind have seen. Little care- 
fully controlled experimental work on the relative value of different 
methods of therapy, however^ has been reported. The most thorough- 
going and systematic accounts of various treatment techniques have 
been reported by Rogers [14, 15], Kanner [11], Hunt [9], and 
the staff of the Illinois Institute for Juvenile Research [10]. 

In general, these treatment precedes may be classified into two 
large categories: (a) those involving actual change of the environ- 
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mental situation, and (6) those involving change of attitude toward 
the environment on the part of the client. The difference between 
these two is more apparent than real. As far as the psychological 
process which goes on within the individual is concerned, they amount 
to the same thing; i.e., they modify the stimuli wdiich play upon the 
individual and thus modify his behavior. These two methods will be 
discussed in order. 

Modifying the Environmental Forces 

There are many ways which the psychologists have used to modify 
the environmental forces which play upon the individual. (1) If 
the situation demands it, the client may be physically removed from 
one situation and placed in another, e.g., moved from his own home 
and placed in a foster home or institution. Thus he is ostensibly 
forced to react to a completely new set of environmental situations 
in the hope that by so doing the desired changes in behavior will 
result. (2) The attitude of parents, siblings, teachers, and others 
toward the client may be changed. This effects a change in the “field 
forces’^ which act upon the individual and thus produces a change in 
behavior. (3) A change in the environmental forces may be brought 
about by providing more adequate recreation facilities and play 
activity. The client may be provided with membership in the YMCA, 
given a library card, sent to a camp, or, if he is older, advised “to get 
away from it all” for a while and take a vacation. 

It is obvious that the methods of modifying the field forces could 
be almost indefinitely multiplied, depending upon the results of the 
diagnostic procedures. The three methods mentioned are those com- 
monly used in clinical practice. The value of this type of treatment 
depends upon the skill and ingenuity of the therapist in providing 
situations which the client accepts, for it is only as he accepts them 
that they will have any re-educational value. 


Modifying the Clienfs Attitude 

In many instances the treatment cannot be carried out through the 
modification of the environmental forces alone. Often it is necessary 
to effect a change in the individuahs attitudes toward himself, tow^ard 
his associates, and, perhaps, toward society in general. Frequently, 
a complete reorientation of his concept of himself or his concept of the 
relationship between himself and his associates or of the relationship 
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between himself and his immediate family is necessary. During the 
process of his development he has accumulated a number of faulty 
habits of thinking, feeling, and acting, and a complete modification 
of his philosophy of life is the only method by which his behavior 
can be altered. 

This modification of behavior is always difficult and prolonged and 
often is impossible. If the client has developed fixed ways of feeling 
and acting, then he is likely to assume that same role toward the 
therapist and resent any intrusion into his ^‘private affairs.’’ Or he 
may attempt to prove to the therapist that his way of thinking and 
feeling is the only correct one, and everyone else should accept it. 
Such a person is likely to go through life making himself and everyone 
else with whom he associates unhappy and being dubbed a neurotic. 
In other instances, more severe and more pernicious ways of thinking 
and feeling may lead to what is called a ^^ental breakdown” or 
eventually to a psychosis. 

Many techniques have been devised and developed in the attempts 
to modify the individual’s ways of thinking, feeling, and acting. One 
of the best known is psychoanalysis. This is an elaborate theoretical 
psychological system, a detailed discussion of which does not belong 
in this chapter. As a technique of therapy, it involves a detailed 
report to the analyst (and under his direction) of the past experiences 
of the individual, especially of his early childhood — ^the relation to 
the mother, the father, the siblings, and the associates, and the 
influence of these upon his own development. This report, which 
may take several months, is interpreted to the client in accordance 
with psychoanalytic theory. The assumption in this method of 
therapy is that, once an individual has an intellectual understanding 
of all the forces that make him act the wmy he does, he will change 
,his behavior to more socially acceptable patterns. 

Another technique for modifying human behavior has been devel- 
oped recently by Carl Rogers [15]. This has been called the non- 
directive or client-centered method of counseling and psychotherapy. 
The chief difference between this and the older psychoanalytic 
approaches, from which it is partially derived, is that in this approach 
the focus of attention in the therapeutic relationship is on the develop- 
ment and integration of the individual into a more consistent 
personality during the counseling process, and not on an analysis of 
his problems through a probing into his past history. It is assumed 
in this procedure that the client is capable of effecting this integration 
if he is given an opportunity to relate and consider his experience as 
well as his own thinking and feelings. The basic hypothesis is stated 
by Rogers [15] as follows: ^^Effective counseling consists of a defi- 
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niteiy structured permissive relationship which allows the client to 
gain an understanding of himself to a degree which enables him to 
take positive steps in the light of his own orientation.” 

The relative value of these directive and non-directive methods of 
“treatment” will be determined by continued research in this rela- 
tively unexplored field. 

CLINICAL METHODS IN INDUSTRY 
The Selection of Personnel 

In recent years the clinical approach to the understanding of human 
motivation and personality structure has been increasingly used in the 
selection of personnel in industry, especially for top management. 
The older approach, namely, using a battery of tests, has proved 
relatively sterile, and the assumption is that the more elaborate and 
more time-consuming clinical method will prove more successful. 
This assumption has not, however, been experimentally demonstrated. 

The methods of the clinical approach in industry are essentially the 
same as those already described as in use in counseling centers, guid- 
ance laboratories, and clinics. In industry, however, the orientation 
and the problems to be solved are quite different. The clinician is 
not, as a rule, so much concerned with the problems of the individual 
as such as he is with predicting probable success in a given position. 
For the most part the methods are used in the selection of men for 
supervisory positions. Some of the questions the clinicians must be 
prepared to answer in the selection of personnel in industry are these: 

Does the man think accurately and comprehensively? 

Does he tend to make sound judgments? 

Is he able to look ahead and make long-range plans? 

Is he able to work rapidly with precision and accuracy? 

Is he able to remain calm and objective under criticism? 

Is he able to take orders without offense and give them with 
composure? 

Can he lead others to accept his ideas without force or 
regimentation? 

Can he give criticism frankly, honestly, and objectively? 

Can he look ahead and plan an even flow of work throughout his 
department? 

In selecting a man for a supervisory position, it is necessary to be 
able to answer these and many other questions dealing with the intel- 
lectual, emotional, and social characteristics of the client before 
making any prediction about his success in a given position. 
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The information which enables the clinician to attempt answers to 
these questions and to make a final recommendation to management 
is not secured from objective measurements alone. The amount of 
error in prediction will be considerably reduced if the clinician will 
follow the usual clinical procedure of integrating the test findings wuth 
information gathered from a personal history and an interview' with 
the candidate. 


The Developmental Interview and Upgrading 

The therapeutic procedure, or developmental interview, as it is 
called in some organizations, follow's along the same lines as that used 
in the usual clinical situation, except that as a rule the ultimate pur- 
pose of the interview is to increase a man’s eflnciency in a given position 
and prepare him for upgrading, rather than to develop his personality 
as an individual, although the two possible objectives are by no means 
incompatible. Very frequently greater efficiency on the Job can be 
best achieved and preparation for upgrading be best accomplished by 
conducting the developmental interview' w'ith the purpose of helping 
the client to meet and solve some of his own individual problems. 

The techniques of conducting these therapeutic interviews are well 
described by Roethlisberger and Dickson [16] and have been briefly 
mentioned in previous sections of this chapter. 
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Chapter 20 

Objective Studies of 
Disordered Persons 

Joseph ^ubm 


Nearly all the methods described in the foregoing chapters have 
dealt with people or animals whose behavior both during and after 
the experiments was understandable and to a certain extent predict- 
able. In fact; the purpose of most of the investigations was to estab- 
lish the basis on which future behavior could be predicted. 

There are, however, some persons who are so odd or unusual that 
their behavior is not easily understandable, and an accurate predic- 
tion of their future behavior is not always possible. In dealing with 
this type of person we cannot always apply what we have previously 
learned about normal individuals. Careful observation and experi- 
mentation, however, reveal certain types of regularity in the behavior 
of these disordered individuals, but these regularities reveal them- 
selves not so much in what the individuals do as in how they do it. 
This fact was first stressed by Emil Kraepelin, who pioneered in the 
application of experimental procedures to abnormal individuals. 

For example, disordered individuals do not invariably do poorly 
on intelligence tests, but their disorder reveals itself in the particular 
combination of weaknesses and strengths which they exhibit. They 
fail easy items, pass difficult items, and in general exhibit a type of 
scatter in their performance which is very often diagnostic of abnor- 
mality. Although the actual score achieved by a normal individual 
on an intelligence test is usually the most important datum, the actual 
score achieved by a disordered person is not as important as the 
particular pattern of ability and disability which he displays. 
Another example of how abnormal persons differ from normal ones 
is in their greater variability in all measures. In general, group dif- 
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ferences between normal and abnormal persons on tests or other 
measures are not nearly as large as differences in variability between 
the two groups. 

Disordered persons do not differ markedly from normal individuals 
in their sensory acuity and responsiveness and in motor performance 
ill everyday life as long as the task is short, is directed from without, 
and does not introduce emotional factors; but whenever sustained, 
self-directed tasks involving emotional factors are introduced, the 
disordered individual shows up to disadvantage. For this reason 
the usual laboratory experiments are not suitable for measuring or 
detecting the underlying difficulties of the disordered individual. 
Modifications must be introduced or new experiments conceived in 
which sustained, self-directed activity involving emotional factors 
as well as intellectual effort becomes the primary variable. Thus 
experiments involving volition, level of aspiration, and stress situa- 
tions should prove quite fruitful in the objective investigations of 
disordered behavior. 

There are three major groupings into which mentally disordered 
persons may be placed for convenience: (1) the outright insane, (2) 
the mentally defective, and (3) the peculiar or mildly disordered. 
The insane are persons ^'suffering from a real derangement of their 
mental life wdiicli is so severe that they do not respond to any of the 
usual methods of reason and logic which are sufficient to guide ordi- 
nary human beings” [15]. The mentally defective or feeble-minded 
are those ^^who from a very early age lack the ability to acquire 
knowledge or to profit from experience and training. They are 
unable to care for themselves adequately” [15]. The third group 
consists of a vast variety of individuals who, although not frankly 
disordered, nevertheless present some type of mental deviation (other 
than intellectual) and includes the neurotics, psychosomatic cases, 
and psychopathic personalities. 

In the succeeding pages we shall give examples of wmrk done with 
disordered persons in the following areas: (1) association tests, (2) 
memory tests, and (3) conditioning. 


WORD-ASSOCIATION EXPERIMENTS 

The systematic study of word associations was begun by Francis 
Galton (1885) with himself as subject. He exposed written stimulus 
words one at a time and noted with a stopwatch the time required for 
the response word, its general relation to the stimulus word, and the 
consistency with w^hich the same response words occurred to a given 
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stimulus. He concluded that the responses were not random in 
character but represented well-worn ruts of the mind in which thought 
continually traveled. Some 40 per cent of these associations dated 
back to his boyhood, 45 per cent to his manhood, and 15 per cent to 
recent events. The recent associations were the least stable. 

Jung [12] utilized Galton’s word-association technique to investi- 
gate the unconscious, which Freud had opened to psychological inves- 
tigation. It was noticed that some stimulus words were responded 
to easily and readily, whereas others gave rise to very slow or very 
fast responses; some caused complete blocking of response; others 
were accompanied by various unusual behavior, such as repetition of 
stimulus word, misinterpretation of it, strange or apparent senseless 
reaction, such as laughing or rhyming of stimulus word with a non- 
sense syllable. Jung assumed that all this deviant behavior occurred 
because the stimulus word had touched off a deep conflict or complex. 
By following up these cues, Jung was sometimes able to bring to light 
conflicts and strivings of which the patient was often unaware. As 
further evidence of the emotional nature of such responses, Jung 
found accompanying changes in the psychogalvanic reflex, muscular 
movements, and respiration. A larger number of indications of com- 
plexes was found in the disordered groups than in normal persons. 
He also found that schizophrenics tended to give a larger proportion 
of subjective responses dealing with inner feeling and thoughts, 
whereas manic-depressive patients tended to give more objective 
responses dealing with outer objects. This tendency to respond with 
either subjective or objective responses later contributed to Jung’s 
formulation of his introvert-extrovert hypothesis. 


Kent-RosanoflF Word-association Study 

The most extensive systematic study of word associations was 
conducted by Kent and Rosanoff [14], In contrast with the stimulus 
words utilized by Jung, which had been selected for the specific pur- 
pose of arousing personal emotional associations, Kent and Rosanoff 
tried to avoid words that are especially liable to call up personal 
experience. 

Materials. The list of w’'ords which they used is given in 
Table I. 

Procedure. The subject sits with his back to the experimenter, 
who reads the 100 stimulus words from a list. The response word and 
the reaction time, usually to the nearest fifth of a second, are 
recorded in appropriate columns next to: each stimulus word. The 
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TABLE I 


Kent-Rosanofp Word List 


1 . Table 

26. Wish 

51. Stem 

76. Bitter 

2. Dark 

27. River 

52 Lamp 

77. Hammer 

3. Music 

28. White 

53. Dream 

78. Thirsty 

4. Sickness 

29. Beautiful 

54. Yellow 

79. City 

5. Man 

30. Window 

55. Bread 

80. Square 

6. Deep 

31. Rough 

56. Justice 

81. Butter 

7. Soft 

32. Citizen 

57. Boy 

82. Doctor 

8. Eating 

33. Foot 

58. Light 

83. Loud 

9. Mountain 

34, Spider 

59. Health 

84. Thief 

10. House 

35. Needle 

60. Bible 

85. Lion 

11. Black 

36. Red 

61. Memory 

86. Joy 

12. Mutton 

37. Sleep 

62. Sheep 

87. Bed 

13. Comfort 

38. Anger 

63. Bath 

88. Heavy 

14. Hand 

39. Carpet 

64. Cottage 

89. Tobacco 

15. Short 

40. Girl 

65. Swift 

90. Baby 

16. Fruit 

41. High 

66. Blue 

91. Moon 

17. Butterfly 

42. Working 

67. Hungry 

92. Scissors 

18. Smooth 

43. Sour 

68. Priest 

93- Quiet 

19. Command 

44. Earth 

69. Ocean 

94. Green 

20. Chair 

45. Trouble 

70. Head 

95. Salt 

21. Sweet 

46. Soldier 

71. Stove 

96. Street 

22. Whistle 

47. Cabbage 

72. Long 

97. King 

23. Woman 

48. Hard 

73. Religion 

98. Cheese 

24. Cold 

49. Eagle 

74. Whiskey 

99. Blossom 

25. Slow 

50. Stomach 

75. Child 

100. Afraid 


words are read distinctly, and the subject is asked to respond with 
the first word that comes to his mind. If the subject responds with 
more than one word or with phrases, he is reminded that he must give 
only one word. If the subject fails to give a response within a reason- 
able time (15 seconds), the examiner goes on to the next word. 

The list of 100 words was administered to 1000 normal individuals 
selected from the general population and ranging in age from 8 to 
over 80 years, and in education from the lowest to the highest level, 
only a fair fluency in English being a prerequisite for inclusion as a 
subject in the experiment. The subjects covered a wide variety of 
socio-economic levels, but the authors gave no indication of how well 
their group sampled the general population. A table of norms, giving 
the frequency value of each response to each of the 100 stimulus 
words, is included in a manual [13] in which the frequency value of 
any response to a given stimulus word may be determined. 

Results. The first step in the analysis of the data is to deter- 
mine the frequency value of each response; i.e., how often the given 
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response occurred in the 1000 normal individuals whom Kent and 
Rosanoff tested. If the response word is. not found in the norms, it 
is regarded as an individual response. 

In order to provide a scale of equal units for presenting the fre- 
quency values, the normal distribution was utilized, and each 
frequency value was converted into its corresponding standard score 
in the normal distribution curve. These standard scores were then 
grouped so as to provide eight steps of frequency values, as shown in 
Table II. Some typical distribution curves obtained by using the 


TABLE IP 


Index Numbers Corresponding to Frequency op Response Words to the 
Kent-Rosanofp Word-association Test (Based on normal distribution curve) 


Index Number 

0 

1 

2 

3 

4 

5 

6 
7 


K-R Frequency 
per 1000 
0-1 
2-6 
7-23 
24-67 
68-159 
160-309 
310-500 
501-709 


* This table applies only to the responses to the stimulus word lamp, which 
had a maximum frequency response of 650. Similar calibrations have been made 
for each of the 100 words in the Kent-Rosanoff list, and these are available in 
^‘Manual for Word-Association Test,” New York State Psychiatric Institute 
(mimeographed), 1947. 

transformation of frequencies to index numbers are shown in Figs. 
1 and 2. 

Kent and Rosanoff applied their word-association test to 247 indi- 
viduals with various types of disorders: dementia praecox (108), 
paranoic conditions (33), epilepsy (24), general paresis (32), manic- 
depressive insanity (32), involutional melancholia (8), alcoholic psy- 
chosis (6), and senile dementia (4). The proportion of common and 
individual reactions given by the normal subjects and the 247 mentally 
disordered individuals is shown in Table III. The doubtful responses 
were those which varied slightly in grammatical form from the stand- 
ard responses. 

The outstanding differential between the normal and the mentally 
ill persons vas the proportion of common or popular reactions which 
were found in the two groups. Although the normal individuals 
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tended to give, in response to a particular stimulus word, one or 
another of a small group of common reactions, the mental patients 
gave a much larger proportion of highly individual responses. The 
percentage of common reactions given by each of the diagnostic 
categories is shown in Table IV. 


TABLE III 


Percentage op Common and Individual Reactions Given by Normal and 

Disordered Persons 


Group 

Common 

Doubtful 

Individual 

Total 


Reactions, 

Reactions, 

Reactions, 



Per Gent 

Per Cent 

Per Cent 


Normal 

91.7 

15 

6.8 

1000 

Abnormal 

70.7 

.. 2.5 . ■ 

26.8 

>247 ' 


600 



B 


C 


A 



Fig. 2. Regrouping of material of Fig. 1 to show the types of word distri- 
bution found in the Kent-RosanofF tests on patients at the Psychiatric Institute. 

It will be noted that case A has a preponderance of responses in the lower frequency values, case 
C a preponderance in the higher frequency values (common), and case B falls in the middle between 
the other two. 


TABLE IV 

Average Percentage of Common Reactions by Diagnostic Gkoufs 


(Based on Reference 14) 


Diagnostic Group 

N 

Percentage 

Dementia praecox 

108 

58.9 

Paranoic condition 

33 

71.3 

Epilepsy 

24 

63.7 

General paresis 

32 

71.8 

Manic-depressive insanity 

32 

71.2 

Normal individuals 

1000 

91.7 


The clinical groups which deviate most from the normal persons in 
giving common reactions are those with dementia praecox and epi- 
lepsy, with only 59 per cent and 64 per cent of common responses 
respectively. Each of the three remaining clinical groups gives 
approximately 72 per cent of common responses. 

On the basis of such analysis Kent and Rosanoff have concluded 
that '^the one tendency which appears to be almost universal among 
normal persons is the tendency to give in response to any stimulus 
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word, one or another of a small group of common reactions” [14]. 
This is not found to hold for abnormal individuals. 

Kent and Rosanoff concluded that, in general, no sharp distinction 
can be drawn between normal and abnormal persons on the basis of 
frequency values alone. Individuals in some disease categories, how- 
ever, especially dementia praecox, do reveal characteristic differen- 
tials, such as low proportion of common responses, neologisms (newly 
constructed words that have meaning only to the patient) , and other 
types of deviating responses. 

More recently attempts have been made to extend the study of word 
associations to normal individuals through the use of homographs, 
like the w^d bat, which may be interpreted in at least four different 
ways: (1) an animal, (2) a club, as for baseball, (3) to hit someone, 
or (4) to “go on a bat.” Goodenough [7] has found that individuals 
differ in the type of interpretation that they choose and that their 
choice reflects their personality. 

Another technique which utilizes free association to speech is the 
tautophone or verbal summator. In this technique the disordered 
individual is given auditory stimuli of low intensity — at the threshold 
of hearing — and is asked to tell what word or phrase is being said. The 
vocal stimuli are actually nonsense sounds, such as -u/i-d/i-aA-ee, 
spoken so softly that even the normal individual can “hear a meaning 
into it” wdth some repetitions. These threshold stimuli are repeated 
several times so that their effect may summate and finally evoke a 
response. The responses given by disordered individuals have been 
analyzed according to various criteria, and correlations have been 
established betw^een the patient^s interpretation of the meaningless 
stimuli and his personality traits. See also page 560. 

•Similar techniques have been worked out in the visual field, such 
as the Rorschach test and the Thematic Apperception Test, wdiich are 
described on pages 558-560 and 560-562. The interpretation placed 
upon the ambiguous pictures and ink-blots gives an indication of the 
subjects personality traits. Related to these projective procedures 
are analyses of handwriting and other expressive movements in 
disordered persons. 


INFLUENCE OF ELECTRIC CONVULSIVE THERAPY ON MEMORY 

FUNCTIONING 

One of the most prominent differences between normal and abnormal 
persons is found in memory functioning. A considerable amount 
of work has been done in this field, but most of it has been clinical 


rather than experimental. Unfortunately, the clinical and experi- 
mental approaches are quite far apart in this field. In contrast 
with intelligence, where for the most part the same concepts, same 
tests, and same techniques are utilized by clinicians and researcli 
workers, memory does not present such a united front. The great- 
est point of difference between the experimenter and the clinician 
is that the experimenter usually deals with implanted meniories, 
whereas the clinician deals with “life” memories. Experimental psy- 
chologists naturally wmuld also prefer to deal with life memories in 
their studies, but the genesis, history, and duration of such memories 
are usually obscure and defy scientific investigation. The few experi- 
mental results can be summarized briefly as indicating that mental 
patients, in general, take a longer time to learn new material but 
their retention of it seems to be no different from that of normal 
individuals. Certain types of patients, especially the Korsakoff, 
senile psychosis, and general paresis cases, however, are notoriously 
lacking in retention. 

Usually a patient does not arrive at a clinic until he has sustained 
some injury or suffered some illness. It is too late then to obtain 
any experimental evidence of his premorbid memory functioning, and 
the clinician must resort to some shrewd guesses in deciding whether 
memory impairment has occurred. The recent introduction of shock 
therapy, however, has afforded experimentalists an opportunity to 
observe and study the alteration of memory functioning produced by 
the shocks. Since the patient^s functioning is not altered too severely 
in any other respect than memory, the setting of the experiment is 
ideal for the investigation of memory functioning and impairment. 
Such investigations have been conducted at several institutions where 
shock therapy is administered, and the study that will be reported 
here took place at the New York State Psychiatric Institute and 
Hospital [1, 8, 19]. The most important question to be answered is: 
Does shock therapy permanently injure memory functioning? In 
answering this question, light was also thrown on the following prob- 
lems: (1) what particular aspects of the memory process are affected? 

(2) are all types of memory materials affected equally? and (3) is 
material learned long before shock therapy also affected by the sub- 
sequent shocks? 

It must be recalled that memory functioning depends upon three 
important elements: (1) learning or registration, (2) retention, and 

(3) testing or reproduction of remembered material. The final test 
of retention is influenced by the manner of original learning, the 
activity intervening between learning and retention, and the method 
used in testing retention. The experimental intervention of shock 
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with its concomitant effects on memory offers an opportunity to study 
each of these three steps in the process of memory functioning. 


Materials ■ . . 

For investigating memory changes in an objective way, ^'pure- 
culture” memories are needed — uncontaminated memories whose his- 
tory and duration are known and to which presumably no special 
emotional attachments adhere. For this reason paired associates 
were used. 

These paired associates consisted of specially prepared lists of two 
types, meaningful and semi-meaningful words. The meaningful lists 
consisted of fifteen pairs of common English two-syllable words 
selected from the highest frequency levels of Thorndike and Lorge's 
The Teacher's Word Book of SOfiOO Words [17]. The semi-meaning- 
ful lists consisted of ten household commodities paired with ten pseudo- 
brand names composed of nonsense syllables and selected from 
Dunlap^s List of 4^,200 Dissyllable Words and Paralogs [4]. The 
pairs were constructed in such a manner that there was no apparent 
association between the members of each pair. 

TABLE V 

Typical Meaningful and Semi-meaningful Caeds Used for Learning, 
Relearning, Recall, AND Recognition 

Ijeaming, Relearning, and Recall Recognition 


Meaningful 


Semi-Hieaningful 


The paired associates were typed on individual cards as shown in 
Table V. The same card was used for learning, relearning, and recall. 
A second card was used for measuring recognition. This card, which 
is also shown in Table V, consisted of the first member of the pair 
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EXPRESS ADMIT 


COFFEE LUBEB 


EXPRESS 


PASSAGE 
ADMIT 
MANNER , 
RIVER 


COFFEE 


LUBEB 

PELIF 

MEDIG 

GUGOK 


followed by four choices, including the correct one. Care was taken 
to make the three incorrect choices as homogeneous as possible with 
the correct choice in form, level of difficulty, and general appearance. 


Procedure 

The patients were tested 30 to 60 minutes before treatment and the 
retesting was done 24 hours after treatment.*^ Every patient was 
taught a meaningful and a semi-meaningful list at each learning 
session up to the day when the confusion induced by the treatment 
impaired the speed of learning to too great a degree. Then he was 
given only one list each time, alternating the meaningful with the 
semi-meaningful material. The method of adjusted learning, as 
described by Woodwmrth [18] and Gillette [6], 'was used. A more 
detailed description of the method, as applied to our problem, will 
be given. 

For the learning of the meaningful lists the subjects w’^ere directed 
as follows: want to see how quickly you can learn to associate two 

words so that when I show you the first word you wall immediately 
read it and give me the wmrd that was paired with it. On this card 
you will see two words in succession. Read them both aloud and try 
to connect them in your mind, so that whenever you see the first word, 
you will think of the second word.^^ 

During the first presentation of the list, both the first member and 
the second member of the pair were exposed for approximately 30 
seconds, and the subject read them aloud in succession. Beginning 
with the second presentation, the ejq)erimenter exposed only the first 
member, the second being covered by his hand. A set interval of 
time, not exceeding 30 seconds, w^as allowed the patient in which to 
recall the second member. 

The cards were shuffled before each presentation of a list. When 
the second member of the pair was correctly anticipated, the card in 
question was eliminated from the pack. By employing this method 
the factor of overlearning was eliminated, and all the pairs of the 
list could be regarded as learned to the same criterion of one correct 
repetition. 

The same pi'ocedure was used in learning the semi-meaningful lists, 
in which the pairs consisted of a comtnon household commodity 
paired with a nonsense syllable. In order to make the task of learn- 
ing easier for the nonsense syllables, they were introduced as possible 

2 Because Saturday was a treatment day, and the patients were not available 
for testing Sunday, one list each week was relearned 48 hours after treatment. 

605 



brand names for the household commodities with which they were 
paired. 


Retention 

The retention test consisted of three parts: recall, recognition, and 
relearning. In testing retention by the recall method, each card was 
presented with the first member of the pair exposed, and the subject 
was asked to give the second member, which was covered by the 
experimenter’s hand. After each exposure the patient was asked if he 
remembered learning the word before, if he was doubtful about it, or 
if he didn’t remember learning it before. The second member of the 
pair wms not exposed at any time during recall, regardless of whether 
the patient answered correctly. 

In testing retention by the recognition method, the patient was 
handed the recognition cards and was asked which of the four words 
on the right he thought went with the one on the left. (See Table V.) 
If the patient protested that he had never learned the pair previously 
and, therefore, could not make a selection, he was asked to guess. 
After each response the patient w^as asked to indicate whether it was 
a mere guess, doubtful, or certain. 

In testing retention by the saving method or relearning method, the 
learning cards were presented in the same way as for the original 
learning task, and the method of adjusted learning as described pre- 
viously was utilized. 

Learning difficulty was measured by the number of times each item 
card had to be exposed before it was correctly anticipated. This, of 
course, included the initial exposure, in which no correct anticipation 
was possible, but not the last exposure, which was, of course, the 
criterion trial and had to be correctly anticipated. 

The relearning score was computed in the same way, but allowance 
was made for the correct recalls and recognitions that preceded relearn- 
ing. If an item was correctly recalled, it was regarded as not requiring 
any relearning before correct anticipation; therefore, correctly recalled 
items w^ere subtracted from the total score in the subsequent relearning. 

If an item w’-as not correctly recalled during the recall test, but was 
correctly recognized during the recognition test, however, such correct 
recognition was regarded as an extra repetition. Therefore, all correct 
recognitions were added to the score. This resulted in the following 
scoring formula for the relearning score: number of repetitions neces- 
sary to relearn a list (exclusive of last criterion repetition), minus 
items correctly recalled, plus items correctly recognized. 

606 


Results 


The following questions are answered by an analysis of the results 
obtained on the individual patients: 

1. How does learning ability vary before^ during, and after the 
course of treatment? 

2. How does retention, as measured by the saving method, change 
during the course of treatment? 

3. Does electric convulsive therapy (EOT) affect ineaningfiil and 
semi-meaningful material differentially? 



Fig. 3. Number of item repetitions required to learn and relearn 15 
lists of 15 meaningful paired associates each before, during,, and after ECT. 


The day-to-day learning and relearning of one patient P is shown in 
Fig. 3. This figure reads as follows: On the first day of the control 
period (day 0) the patient required 22 item repetitions before learning 
the list to the criterion of 1 successful repetition. On the fifth day she 
relearned the same material and required 23 item repetitions to satisfy 
the criterion of 1 correct repetition. The other points on the graph 
are read similarly. The days on which shock was administered are 
indicated by a thin vertical line. Because the day-to-day record is 
so irregular, it is difficult to draw definite conclusions from it, except 
to note that there was a considerable increase in difficulty of learning 
with the introduction of shock. 

In order to simplify the treatment of the data, the learning period 
was divided into four parts: (1) the control period, from the first to 
the twentieth day (including the initial shock-treatment day) ; (2) 
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the initial treatment period (twenty-first to twenty-seventh day) ; (3) 
the final treatment period (twenty-eighth to fifty-fifth day); and 
(4) the post-treatment period lasting 16 days. 

The average learning and relearning scores for the four experimental 
conditions are shown in the second and third columns of Table VI. It 
will be noted that the average learning score increased considerably 
during the final treatment period. In order to determine whether the 
differences in learning induced by the treatment were statistically 
significant, the four means were compared with each other by the 
technique known as analysis of variance.^ These means were found 
to differ significantly from each other, indicating a degree of differ- 
entiation on the .01 level of significance. Similarly, the means of the 
relearning scores w^ere also found to be statistically significant. 

It cannot be decided from the results of this analysis whether the 
shock treatments actually affected retention, since our measure of 
retention is dependent upon several factors: (1) difficulty of original 
learning; (2) difficulty of relearning; and (3) retention itself. Hence 
we must devise a method for keeping constant the first two factors if 
we are to determine the influence of shock on retention itself. To 
effect this, an analysis of covariance w^as undertaken [5, 16]. 

Analysis of covariance consists essentially of removing the influence 
of one factor while considering variations in another factor. It per- 
forms the same task in analysis of variance that partial correlation 
performs in the analysis of correlation coefficients. In the present 
problem analysis of covariance removed the influence of the original 
learning scores from the relearning scores and thus provided a measure 
of pure retention unaffected by the influence of variations in difficulty 
of initial learning. The first step was to predict by means of a regres- 
sion equation the relearning score on a given day from a knowledge of 
the initial learning score. The difference between the predicted and 
observed relearning scores wmuld be confined to chance fluctuations if 
shock did not alter retention. 

Table VI shows the initial learning score, relearning score, and pre- 
dicted relearning score for the four experimental conditions. In the 
next column are shown the deviations between the predicted and 
observed scores. These deviations must be investigated to determine 
whether they are due to chance before any significance can be attached 
to them. The means for the various conditions differ significantly 
from each other and are less than expected for the two control condi- 
tions (pre-treatment and post-treatment) and considerably larger 

is merely an elaboration of the comparison of two means 
with their standard error of the difference. By means of this technique, statis- 
tical comparisons can be made of four averages all at the same time. 
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TABLE VI 


Learning, Relearning, and Saving Scores for Meaningful Paired 
Associates (Patient P) 



Number 

Learn- 

ing 


Relearning 



Per- 

Condition 

of 

Lists 

Ob- 

served 

Pre- 

dicted 

Dif- 

ference 

Ad- 

justed 

Saving 

centage 

.Saving 

Control 

5 

35.0 

20.4 

29.2 

-8.8 

23.3 

18.5 

44.2 

Initial tre^atment 

3 

35.7 

38.3 

29.5 

8.8 

40.9 

1.0 

2.4 

Final treatment 

5 

67.2 

56.0 

42.9 

13.2 

45.3 

-3.4 

-8.1 

Post-treatment 

5 

28.8 

16.0 

26.6 

-10.6 

21.5 

20.3 

48.5 

Total 

18 

41.8 

32.1 

32.1 

0.0 

32.1 

9.7 

23.2 

F ratio 

P 


7.02 

<.01 

26.26 

<.01 



12.60 
< .01 




than expected under the two experimental conditions. It may be 
concluded that, when shock is interpolated between learning and re- 
learning, a considerable loss in retention occurs, in contrast with the 
saving which occurs under control conditions. 

If it is assumed that the learning difficulty of each list was constant 
at 41.8 (the average learning score), the corresponding relearning 
score would be 32.1 (the average relearning score for the entire experi- 
ment). By algebraically adding to this expected mean performance 
the amount of deviation for each experimental condition, we obtained 
a new series of adjusted means, which are free of the learning difficulty 
level but which nevertheless reflect the differential effects of the control 
and experimental factors. These adjusted means and the corresponding 
percentages of savings are shown in the last three columns of the table. 
On the basis of this procedure the saving during the shock period 
vanishes completely, indicating that, wdien the effect of shock on 
learning ability is ruled out by statistical means, retention is found to 
be completely wdped out by shock. 

It must, however, not be concluded that the absence of saving indi- 
cates a destruction of the memory traces. As was shown previously 
through a study of interference effects [20], the memory traces are 
not destroyed; they are simply disorganized and therefore cannot 
contribute toward the task of relearning. 

The results for the semi-meaningful material were quite similar to 
those for the meaningful material with the exception that, although 
more effort was required to learn the semi-meaningful material, re- 
learning proved to be considerably easier. Similar findings on this 
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differential in retention between meaningful and semi-meaningful 
material have been reported by Hull [11]. 

Recall. Thus far, we have dealt only with retention, as meas- 
ured by the relearning method. How does ECT affect recall? On 
the 2 days before shock was administered (ninth and fourteenth days) 
5 and 4 items respectively were recalled. After the introduction of 
shock, recall dropped out completely and did not reappear until after 
the shock treatments were ended. Then it gradually returned to its 
pre-treatment level. Similar results were obtained for the semi-mean- 
ingful material. 

The data for the four experimental conditions, together with an 
analysis of variance for both types of material, are shown in Table VII. 

TABLE VII 

Average Number of Items Recalled in Meaningful and Semi-meaningful 
Paired Associates by Experimental Conditions 
(Patient P) 


Conditions 

Meaningful 

Semi-meaningful 

Number of 
Hsts 

Mean 

Number of 
lists 

Mean 

Control 

3 

3.0 

2 

0.0 

Initial treatment 

3 

0.0 

3 

0.0 

Final treatment 

4 

0.0 

5 

0.0 

Post-treatment 

5 

2.4 

5 

3.2 

Total 

15 

1,4 

15 

1.1 

Number of items per 





list 


15.0 


10.0 

F ratio 

1 8.07 

6.69 

P 

<. 

01 

<.01 


It is quite apparent that the interpolation of shock between learning 
and relearning caused recall to vanish completely and produced a 
significant decline below the amount of recall noted in the control and 
post-treatment periods. 


Recognition 

During the control period the patient was able to recognize cor- 
rectly almost all the 15 items. With the beginning of shock, however, 
retention as measured by recognition dropped slightly. During the 
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final treatment period it dropped even further, but after the end of 
treatment it returned to its preshock level The corresponding data 
for the semi-meaningful material shows a similar pattern. The drop 
began in the initial shock period, descended further during the final 
shock period, and recovered to its pre-treatment level in the post- 
treatment period. 

Table VIII shows the data for meaningful and semi-meaningfii! 
paired associates by treatment periods. It may be concluded that 

TABLE VIII 

Average Number of Items Recognized in Meaningful and Semi-meaningful 
Paired Associates by Experimental Conditions 
(Patient P) 


Conditions 

Meaningful 

Semi-meaningful 

Number of 
lists 

Mean 

Number of 
lists 

Mean 

Control 

5 

14.6 

4 

10.0 

Initial treatment 

3 

14.0 

3 

9.7 

Final treatment 

3 

11.7 

5 

8.0 

Post-treatment 

5 

14.8 

5 

10.0 

Total 

16 

14.0 

, ■ 17, 

9.4 

Number items per 





list 


15.0 


10.0 

F ratio 

2.33 

3.89 

p 

1 

05 

>.05 


there is a slight, but non-significant, loss in recognition during the 
treatment period in both meaningful and semi-meaningful paired 
associates. ■ 

Apparent Loss of Familiarity 

Despite the resistance to impairment that recognition offers, closer 
analysis of the recognition process indicates that certain qualitative 
changes take place in it. In earlier experiments several cases were 
observed from the moment of shock to the moment when they were 
fully reoriented. The patient spends from 3 to 10 minutes in a state of 
complete disorientation. About 10 minutes after shock, however, 
w^hen the patient is sufficiently reoriented to answer questions, he very 
often exhibits the phenomenon of jamais vu. Everything about him 
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seems strange and new. He cannot remember ever having seen the 
examiner before nor the place he is in. He sometimes does not even 
remember his own name, and women will often give their maiden 
rather than married names. After a little while this jamais vu phe- 
nomenon seems to disappear, either of its own accord or through the 
patient’s relearning by renewed contact with his environment. 

When the recognition cards are shown to him soon after shock, the 
patient protests that he never saw them before. When urged to guess, 
however, he will guess correctly more often than would be expected by 
chance. This loss of familiarity despite the presence of the memory 
trace has been called “apparent loss of familiarity.” If no relearning 
takes place, this apparent loss of familiarity is found to persist after 
the immediate confusional period following the shock is over. 

Table IX shows the appearance of this phenomenon in the mean- 
ingful paired associates soon after the first shock, its continuance 
during the shock period, and its complete disappearance in lists learned 
after the end of therapy. Table IX also shows the data for the semi- 


TABLB IX 

Percentage of Correct Recognitions Accompanied by 
Apparent Loss op Familiarity 



Meaningful 

Semi-meaningful 

Conditions 

Number of 
lists 

Percentage 

Number of 
lists 

Percentage 

Control 

13 ' 

00.0 

12 

00.0 

Initial treatment 

15 

63.9 

15 

41.5 

Final treatment 

22 

77.3 

20 

58.1 

Post-treatment 

14 

00.0 i 

12 

00.0 

Total 

64 


59 



meaningful material. A quantitative analysis of these data indicates 
that during the treatment period from 40 to 70 per cent of the correct 
recognitions are characterized by this loss of familiarity. 

Thus far, it has been shown that recognition and familiarity will 
suffer when electro-shock is interposed between the learning and the 
testing period. But what happened to the material learned during 
the control week before shock was introduced? This material con- 
sisted of the oldest memories implanted, and no shock intervened 
between its initial learning and its testing 24 hours later. Did the 
treatments affect these memories also, and how long after treatment 
did the effects persist? In order to answer these questions, the lists 
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taught during the control week were reYiewed 2 weeks after the end 
of treatment, or some 60 days after their initial learning. Recall was 
still absent, and there was a slight decline in recognition, as compared 
to the original recognition test. The apparent loss of familiarity per- 
sisted. No such loss of familiarity has been observed in material 
learned after treatment, nor has it been observed in patients not 
receiving treatment. 

It would seem as if that part of the recognition process which 
depends on the awareness of familiarity splits off from the memory 
trace during the treatment period and remains split off ; but the basic 
memory trace on which the recognition process depends is not impaired, 
since the patient can recognize correctly even though he is unaware of 
the basis for his recognition. 

This apparent loss of familiarity may perhaps play a greater role 
in the therapeutic process than is now appreciated. If the shock 
affects earlier personal memories in the same way that it affects the 
memories implanted in this experiment, it may tend to have a salutary 
influence on those perceptual cues in the patient\s environment which 
tended in the past to evoke anxiety or irritation. If shock makes it 
more difficult to recall earlier memories spontaneously and if it causes 
loss of familiarity for objects and events that present themselves 
before the patient, this reduction in perceptual cues may help the 
patient resume his place in society. Thus far, however, there is no 
experimental proof that shock affects the feeling of familiarity for 
events occurring before the control w^eek. Clinical impressions and 
observations have been recorded on the patients used in this study, 
however, wdiich bear witness to the retroactive effect of these shocks 
on familiarity for earlier memories. Thus, one patient looked into 
her clothing closet and demanded to know 'who had put dresses in 
there which she herself had bought and placed in the closet several 
months previously. Another could not realize that the wristwatch in 
his dresser drawer in his apartment was his own and, although he 
assumed it must be, could not remember how he obtained it. It is at 
least plausible that, if he had not been reminded by his father (or in 
our terminology, relearned) that it was a gift, he would have continued 
to have a loss of familiarity for the origin of the watch. 

Whether this loss of familiarity is itself a basic cause of improve- 
ment or w^hether it is merely a reflection of the lessened anxiety which 
the patient feels in general is difficult to estimate at this time. Further 
work is being continued with more personal memories whose presence 
can be determined before treatment begins. 

Because free-association responses probably depend upon long- 
enduring memories and at least some of them seem to be emotionally 
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charged, the free-association experiment is very suitable for investi- 
gating the influence of ECT on more personal, emotionally tinged 
memories. To this end the word-association test may be given before 
electric convulsive therapy begins, and the responses classified accord- 
ing to the degree to which they may be indicative of emotionality: 
(1) slow or very quick reaction time, (2) complete blocking of response, 
(3) clang association, like bell-rell, (4) phrase instead of a single 
response word, (5) proper name, (6) repetition or partial repetition of 
stimulus word, and (7) perseveration. After ECT is completed, the 
patient is retested with the same words to note whether his responses 
have changed and whether he gives fewer emotionally toned responses 
after treatment. 


SENSITIVITY TO LIGHT IN HYSTERICAL BLINDNESS 

The hysterical patient is sometimes characterized by the fact that 
he suffers from a loss or disturbance of bodily functions, such as sight, 
hearing, or touch. The symptoms of the hysterical patient seem at 
first glance to be due either to an organic cause or to malingering, but 
neither of these two suppositions is correct. No organic basis sufR- 
cient to explain these symptoms can be found, nor is the patient con- 
sciously misrepresenting or lying. In order to determine whether 
there is an actual loss of sensation or only an apparent loss, direct 
observation and measurement of the affected area are not suitable, 
because the patient fails to report any sensation whenever the affected 
area is involved. The following experiment indicates that, despite the 
fact that the patient suffering from hysteria does not “perceive” certain 
stimuli, he nevertheless can react to them even though he is unaware of 
this reaction. Tw^o cases have been selected from the literature, one of 
hysterical blindness [2] and the other of genuine organic blindness 
(hemianopsia) [10], in order to contrast hysterical blindness with 
organic impairment of vision and to demonstrate the methods used. 
The hysterical patient was a 45-year-old male who became weak while 
attending a meeting, noticed feelings of numbness, and fainted. After 
admission to the hospital he began to complain of bilateral partial 
blindness and deafness of the left ear. His visual fields were plotted 
at this time and found to be asymmetrically restricted. On the basis 
of his clinical behavior and ophthalmological findings he was diag- 
nosed as a psychopathic personality with hysterical symptoms. The 
case of hemianopsia was a 26-year-old woman who had been operated 
on to remove part of the left occipital lobe. Her visual fields showed 
a right homonymous hemianopsia. 
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Facilitation and Inhibition of Eyelid Reflex 


First, a test was made of the blind area' in the hysterical patient by 
presenting, in random order, light stimuli to the blind arcia and to the 
seeing area, with instructions to the patient to respond by tap[)ing with 
his finger whenever he saw the light. He invariably tapped when the 
light fell on the seeing area and did not respond when it fell on the 
blind area. Apparently the direct approach of determining whether 
the patient was capable of consciously perceiving light in the aifected 
area yielded negative results. A more indirect method, independent 
of conscious reporting, had to be found. 

The method selected depended on the fact that stimulation in one 
modality may augment or inhibit the response in another modality. 
Hilgard [9] had reported that the normal reflex response of winking 
to a sudden noise can be modified by flashing a light into the eye 
before the sudden noise is heard. If the time interval between light 
and sound is extremely short (25 to 50 milliseconds) , the normal reflex 
is augmented; whereas, if the time interval between light and sound is 
lengthened to 100 to 200 milliseconds, the normal reflex is considerably 
reduced. The apparent reason for this phenomenon is that light by 
itself wflll also produce a wink reflex of a rudimentary type. If the 
time interval between light and sound is such that the effects of the 
two stimuli can summate, the resulting response of the lid reflex is 
augmented considerably, even more than would be expected from 
mere arithmetical summation of the two responses. When the time 
interval is longer, the two responses interfere wdth each other, and 
inhibition results. 

The method utilized in this experiment will detect the presence of 
an eyelid reflex to light even though it is too faint to produce actual 
lid movement. Fiirthermore, this method can be tested in the blind 
area and in the seeing area of the patient, seeing area serving as a 
control for the blind area. 

Figure 4 gives a diagram of the apparatus used. The movement 
of the eyelid was photographed by Dodgers shadow method [3]. The 
shadow was produced by attaching an artiflcial eyelash made of paper 
to the left eyelid. The sound stimulus, which was magnetically con- 
trolled, was produced by a wire hammer striking a wooden resonator. 
The visual stimulus was produced by suddenly illuminating a piece of 
wdiite blotting paper. The film for photographing the movement of 
the eyelid was carried by a pendulum-photochronograph, which at the 
same time controlled the interval between stimuli. 

Some sample records are shown in Fig. 5. The interval between the 
sound and the light stimuli which was intended to produce reinforce- 
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ment of the eyelid reflex to sound was 45 milliseconds, whereas the 
interval which was calculated to inhibit the reflex was 120 milliseconds. 
In order to facilitate the successive illumination of the seeing field 
(on the left) and the blind field (on the right), a rotating mirror was 
utilized as shown in Fig. 4. When the patient was placed in position 
for the experiment, the entire field of vision subtended an angle of 10 


Stimulus light 
(150 watt) 



Fig, 4, Diagram of apparatus employed in the production and recording of 
conditioned eyelid responses. 

degrees about the fixation points, ranging from 17 degrees of retinal arc 
to the left up to 27 degrees to the right of the fixation point. The 
white blotting paper used as the illuminating surface subtended 4 
degrees in the vertical dimension. The choice of these positions was 
dictated by the need to avoid the blind spot and yet to be well within 
the visual field. The intensity of the sound stimulus was selected so 
that it was loud enough to cause a reflex wink and was held constant 
at this intensity throughout the experiment. 

In order to force the patient to maintain a constant position, his 
head was placed against a forehead rest and a biting board placed 
between his teeth. The right eye was covered so as to exclude all light. 
Frequent rests were given to avoid discomfort. The breathing before 
each presentation of the stimulus was controlled by command, and no 

616 






i'::; 


Reflex inhibited when light preceded sound 
by 120 milliseconds . 


Reflex augmented when light preceded sound 
by 45 milliseconds 


Fig* 5. Reproduced records of normal^ inhibited, and augmented reflexes. 


A rise in the eyelid shadow indicates lid closure. The occurrence of the light shows as a darkening 
at the top of the record. The sound shows as a break in the white line just below the lid shadow, 
Radiol time lines read in units of 5 milliseconds. Every tenth line is emphasized, so that the larger 
units are 50 milliseconds. Each record represents about 0.8 second. Curved abscissae, due to the 
path of the pendulum, furnish base lines for reading amplitude, their spacing being 1 millimeter on 
records. (From Hilgard and Wendt [10],) 
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breathing was permitted during the presentation of stimuli. In order 
to acquaint the patient with the proper procedure, it was necessary to 
give several preliminary trials. The experimental design consisted of 
the presentation of the following four types of stimuli in random order: 
(1) light alone, (2) sound alone, (3) light preceding sound by 45 
milliseconds (reinforcement), and (4) light preceding sound by 120 
milliseconds (inhibition). 

Figure 5 shows the responses obtained under these four types of 
conditions in the left (seeing) field. The results indicate that, when 
light alone is presented, the reflex lid movement never occurs. This 
holds true of the normal as well as of the blind part of the field. When 
light precedes sound by 45 milliseconds, a tendency to wink appears, 
but when light precedes sound by 120 milliseconds, this tendency to 
wink is partially inhibited. 

The method described was used for the case of hemianopsia and 
served also for the hysterical patient with the following modification. 
A light was presented just above the fixation point in the area where 
the hysterical patient could see and again further above the fixation 
point in the area where he could not see. The stimulus was presented 
at a distance of 30 centimeters from the eyes and subtended an angle 
ranging from 5 degrees to 9 degrees above the fixation point. In the 
area of blindness the stimulus extended from 16 degrees to 20 degrees 
above the fixation point. The patient used binocular vision, and the 
stimulus consisted of patches of white bond paper illuminated from 
behind, giving an approximate brightness of I apparent foot-candle as 
measured with an illuminometer. The patient reported seeing the 
light by tapping with his finger. Whenever the light was presented 
to the lower (seeing) portion of the field, he tapped, but he never 
reported the light when presented to the upper (unseeing) field. 


Results 

Neither the seeing area of the eye nor the blind area was capable 
of yielding a measurable lid response to the light stimulus alone. The 
results obtained when light stimulation was introduced in conjuction 
with sound are shown in Table X. 

For the hysterical patient, when light preceded the sound by 45 milli- 
seconds, the reflex to sound was strongly reinforced. When the light 
preceded the sound by 225 milliseconds, there was almost complete 
inhibition of the reflex to sound. This reinforcement and inhibition 
were the same, regardless of whether the stimulus light was presented 
in the blind or the seeing area. 
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TABLE X 


'Amplitude op the Lid Reflex to Sound in Hysteeical Blindness 
AND Hemianopsia 



Hysterical Blindness 

Hemianopsia 

Interval between 


Mean, 

Milli- 

Devia- 




Mean, 

Milli- 

Devia- 



Light and Sound 

N 

tion 

from 

Dlan 

P* 

N 

tion 

D/aj) 

P* 



meter 

Control 




meter 

Control 



1. Control (sound 











alone) 

6 

3.7 

— 



8 

1.5 

— 



2. Reinforcement 











(45 millisec- 
ond interval) 
a. Seeing area 

5 

12.0 

8.3 

4.10 

<,01 

9 

3.7 

2.2 

1.44 

.07 

b. Blind area 

6 

12,4 

8.7 

4.60 

<.01 

8 

1.2 

-0.3 

-0.18 

.43 

3. Inhibition (120- 











225 millisec- 
ond interval) 
a. Seeing area 

5 

0.0 

-3.7 

-1.87 

.03 

8 

0.8 

-0.7 

-0.44 

.33 

b. Blind area 

5 

0.2 

-3.5 

-1,76 

.04 

7 

1.5 

0.0 

0.00 

1 .50 

Standard devia- 











tion 



3.27 





3.15 




* Since the direction of the deviation is established on the basis of previous 
experimentation, the value of P/2 is given to indicate how often the observed 
difference would lie in the positive or negative direction, depending upon the 
hypothesis under examination (reinforcement or inhibition). 

The data for the patient suffering from hemianopsia are also pre- 
sented in Table X. In this patient the visual defect was organically 
based, resulting from an ablation of a considerable portion of the left 
occipital area. Reinforcement and inhibition effects were quite appar- 
ent when light impinged on the seeing area but were absent when light 
was presented in the blind area. 

When the sound was presented wdthout being preceded by the light, 
the average amplitude of the eyelid in hysterical blindness was 3.7 
millimeters, and in hemianopsia 1.5 millimeters. This control level 
may serve as a standard for comparing the amplitude under the two 
experimental conditions for the seeing and the blind areas. The 
deviation of the various amplitude measurements from this control 
level is given in the column in Table X headed ^^Deviation from Con- 
trol.’^ In order to obtain a good estimate of the standard error for 
these measures, separate analyses of variance were made for the data 

619 



of the hysterical patient and that of the case of hemianopsia. The 
within-condition variance was obtained and converted into a standard 
deviation, which was found to be of the same magnitude in the two 
patients, 3.27 and 3.15. The case of hysteria showed a significant 
augmentation in eyelid reflex for the 45-millisecond interval between 
light and sound. Both the seeing area and the blind area showed the 
same magnitude of deviation, and the difference between the two areas 
was not statistically significant. Similarly, when the interval between 
light and sound was 225 milliseconds, the eyelid reflex practically dis- 
appeared in both areas. 

The case of hemianopsia showed an augmentation of the eyelid 
reflex for the 45-millisecond interval and an inhibition for the 120- 
millisecond interval in the seeing area, but practically no change in 
the blind area. The close parallel between the behavior of the eyelid 
reflex from the seeing and blind areas in the hysterical patient was not 
found in the case of hemianopsia. Although the differences between 
the blind and the seeing areas in the case of hemianopsia are not quite 
statistically significant, the general direction indicates that the 
response of the blind area is uninfluenced by light, whereas that of the 
seeing area seems to be influenced by light. Subsequent data from 
another trial with the hemianopsia patient were found to show a statis- 
tically significant difference between the seeing and the blind areas. 

Conditioning 

Further experiments with the hysterical patient were conducted in 
an attempt to condition the eyelid reaction to light in the blind area. 
The unconditioned stimulus was a puff of air against the cornea, and 
the conditioned stimulus was the same visual stimulus as described 
above. The light preceded the puff by 400 milliseconds. 

Although the patient never reported seeing the light, he gradually 
developed a tendency to close the lid when the light appeared. At the 
end of the experiment the closure to the light had increased to such an 
extent that he was closing his eyes completely to a light which he did not 
report as visible. As indicated by Table XI, the amplitude of the 
eyelid responses was practically the same for both the seeing and 
the blind areas, being 16.2 millimeters for the seeing area and 17.6 
millimeters for the blind area, a difference w^ell below statistical 
significance. 

Verbal Conditioning 

In the two preceding methods, the patient's sensitivity to light was 
determined by reflex and conditioned response methods. In the third 
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TABLE XI 


Conditioned Responses to a Light Presented in Blind and Seeing Areas of a 

Hysterical Patient [2] 



Amplitude of 
Conditioned Response, 
millimeters 


N 

Mean 

Seeing area 

6 

16.2 

Blind area 

6 

17.5 

F ratio 


0.6 

Probability 


>.05 


method to be reported, the patient was trained to shout '^LightT^ each 
time he heard a certain sudden sound. The sound was then repeatedly 
presented just after a light in the blind area. The problem to be 
examined is whether presentation of the light alone will cause the 
patient to shout “light” when the light impinges on the blind area. 

In two instances the patient pronounced the word “light” even 
though he was unable to perceive it consciously, since it fell on the 
blind area. In thirteen other instances there was a sharp intake of 
breath in preparation for shouting, but no word actually came. 


Summary 

It was found possible to demonstrate that a hysterical patient can 
actually perceive light sensations in the part of the visual field which 
he consciously reports as being blind. This was demonstrated by 
showing that a light preceding a sudden sound will alter the normal 
wink reflex to sound, regardless of whether the light is presented to 
the affected or the unaffected area. This phenomenon could not be 
elicited in the blind area of a case of hemianopsia. Similarly, the 
hysterically blind area can be conditioned to give responses to light. 


EPILOGUE 

The three experiments reported in this chapter have exemplified 
the type of approach required for working with disordered individ- 
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uals. These approaches by no means exhaust the field. The word- 
association experiment is the prototype of the group of techniques 
known as projective methods. These techniques have in common the 
following: (1) they are indirect approaches to the evaluation of per- 
sonality; (2) they deal with material to which there is no right or 
wrong answer; (3) they deal wdth material so amorphous that the 
disordered person can project into them his own feelings, attitudes, 
fears, and insecurities. These techniques are powerful tools for prob- 
ing personality and have proved their worth in the clinic. Not very 
much standardization has thus far been attempted, and a careful, 
rigorous experimental verification of the claims of the clinic no^v 
demands the attention of scientific research. 

The memory experiments with patients receiving ECT illustrate the 
type of basic psychological research that can throw light on therapeutic 
procedures with disordered persons. The loss of memory was clini- 
cally observed long before it was measured by psychological tech- 
niques. The experimental results indicate wdiat particular aspects of 
memory suffer under the treatment and pave the way for understand- 
ing, at least in part, the psychological importance of the memory 
changes that occur and their implications for recovery. Similar 
investigations into the psychological functioning of patients before and 
after frontal lobotomies, insulin therapy, and similar therapeutic pro- 
cedures have been carried out and found to be useful in understanding 
both patient and therapy. 

The third type of experiment dealing with functional and organic 
disorders gives an indication of how the psychologist, through such 
indirect methods as conditioning, can sometimes overcome the con- 
scious or unconscious tendencies of a patient to interfere with the 
proper functioning of his own capacities and can determine whether 
the reported defect is on an organic or a functional basis. Other 
methods for attaining the same goal are the use of drugs and hypnosis, 
but these fields are so vast that only a passing reference can be made 
to them here. Conditioning studies in psychotics have indicated that, 
although it is more diflBcult to establish a conditioned response in them, 
once established it persists longer. 

Other types of approaches that have been found useful in studying 
the disordered person are voluntary and involuntary behavior, level 
of aspiration, interrupted activity. Physiological studies utilizing 
the psychogalvanic skin response, respiratory and circulatory changes, 
and parotid-gland secretion have yielded interesting information, by 
means of which the different types of disordered persons can sometimes 
be differentiated for diagnostic purposes. 
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Chapter 21 


Methods of Studying the Behavior 
and Development of Young 
Children 

Helen L. Kochh 


The basic dynamics of child behavior is often not radically different 
from that in the adult. Since the differences that do exist between the 
young and the mature are chiefly in degree or emphasis, the methods 
employed in studying children have been directed toward many of the 
problems explored in adults. As might be expected, however, the 
greater the extent to which child subjects deviate in age from the 
adult, the greater are the necessary methodological adjustments, even 
when the same basic problems are approached. This being the case, 
in order not to overlap the material in other sections this chapter will 
focus mainly on the rather unique methods which have been used in 
the study of infants and preschool children. The chapter will also 
omit discussion of methods of investigating prenatal behavior, this 
topic having been treated in Chapter 15. 


GENERAL PROBLEMS OF PROCEDURE IN RESEARCH WITH YOUNG 

SUBJECTS 

Motivating, Contacting, and Directing Young Children 

Studying young children offers many difficulties and challenges. An 
infant, or even a preschooler, cannot be expected to understand or 
follow most directions, much less respond with words. Young children 

1 Professor of Child Psychology, Departments of Psychology and Home 
Economics, IJniversity of Chicago. 
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are likely to be unwilling to cooperate and have to be courted at every 
step. The silence of the two-year-old who does not choose to talk 
i^vould be baffling even to a prime minister, and the lack of ado -with 
wdiich the toddler removes himself from quarters that do not please 
him has punctured many an experimenter's vanity. Because the pre- 
schooler is a dependent creature, the investigator who deals with, him 
is likely to find himself responsible for the child’s physical care— some- 
thing of a price to pay for the mere privilege of doing a little observing. 
And this is not the only price, for service must usually be given the 
child’s mother in return for her cooperation. As a result the most 
imposing of our prolonged longitudinal studies of children have been 
made by workers in clinics or research stations which furnish gratuitous 
medical and psychological guidance for children. Most of the infor- 
mation we have about preschoolers has been acquired from the study 
of pupils in the nursery school. Surely this is unfortunate, for, since 
the home is the really important territory in the child’s environment, 
we should know what is going on there. 


Plotting Development 

Investigators who aim to plot developmental change find they have 
many hurdles to clear, in addition to those of communicating with, 
motivating, and contacting young subjects. No completely satisfac- 
tory method of measuring is available. Although some efforts have 
been made to devise techniques for absolute scaling, we are still doing 
most of our measuring by systems which are comparable in their 
crudity to measuring length by using a ruler marked off in unequal 
units. 

If, as is often desirable, the same children are to be studied over a 
period of years, the loss of subjects may be very great. Families move 
away, the cooperation of subjects is very difficult to sustain, and death, 
illness, and other casualties take their toll. The investigator may 
need to start with 1000 subjects in order to follow as many as 100 
through a period of 15 years. 

If, instead of following the same children for a long period of time, 
the experimenter uses different subjects at each age level, he is faced 
with the well-nigh insurmountable task of securing strictly comparable 
samples of the appropriate population for his various groups. At best, 
this normative cross-section method, with its description of successive 
age groups in terms of measures of central tendency and spread, por- 
trays group trends, not the details of the progression of any one indi- 
vidual. Moreover, when several traits in the same population are 
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measured, the method does not describe the details of either the rela-' 
tions or dynamics of the traits represented in any single person. 

Because of the great complexity of development, an investigator 
usually contents himself with attempting to measure the course of 
change along only a limited number of dimensions. He has, hence, the 
further problem of locating or creating instruments suitable for use 
with children of different ages and measuring the same process or 
ability. Factor analysis is helping us to make progress with this 
quest. McNemar^s factor analysis of the Revised Stanford-Binet test 
illustrates a promising approach [51]. 


THE HEREDITY-ENVIRONMENT PROBLEM 
Control of Heredity 

One of the problems on which child psychologists have focussed much 
attention is individual differences and the extent to which these derive 
from genetic or environmental sources. If it is desired to know merely 
whether environmental forces tend to produce differences, identical 
twins, triplets, quadruplets, and quintuplets are useful material, for 
these are individuals who develop from one zygote and therefore have 
the same heredity. With heredity thus held constant, the ways in 
which the members of a monozygotic group differ from each other must 
be the handwork of nurture. On the basis of the observation of a 
limited number of monozygotic groups, it is obviously unlikely, how- 
ever, that one could gage the possible range of effects which environ- 
mental forces may produce, and certainly one cannot fathom just which 
environmental influences have been operative to create the differences 
noted. 

The fact that individuals developing from the same germ cell are 
not born with labels, and their identicalness has to be determined, in 
itself presents a problem to the investigator. He can never be abso- 
lutely certain of a correct diagnosis, but a reasonably dependable one 
can be made if the individuals resulting from a multiple birth are alike 
in a considerable number of traits upon variance in which the environ- 
ment has been shown to have relatively little effect. See references 
[49] and [54]. Among such traits are blood type, sex, pattern of iris 
and of finger, palm, and sole prints, hair color and form, shape of the 
pinna of the ear, and ability to taste phenylthiocarbamide. Note in 
Fig. 1 how similar the triplets are. 

In those researches in which the effect of some one environmental 
influence is being studied, heredity is often held constant by subjecting 




Three of a kind." (Courtesy of The Children’s Memorial Hospital, 
Chicago.) 


the experimental variable in its various forms. To illustrate, a child 
may be studied before and after placement in a foster home in an effort 
to determine the impress of the home upon him. If the child’s IQ 
increases, one may feel inclined to credit the change to the foster home. 
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the same individual to the selected variations of the experimental 
variable. A control group is usually needed in experiments of this 
design to furnish a check on the instruments used, as well as upon 
factors which may be affecting the subjects between their exposures to 
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He would do well, however, to consider carefully before he jumps to 
conclusions, since the foster home represents only one complex of 
influences which have been playing upon the child. Secondly, one 
must be sure his measures plumb what they are supposed to plumb. 
A child may score relatively better on his second intelligence test 
because, being older, he cooperated better, or because there were defects 
in the standardization of the test. A mental test in current use for 
preschoolers is so standardized that it tends to underrate two-year-olds 
and overrate four-year-olds. If used, this test may make it appear 
that a child during his stay in his foster home has added greatly to 
his intellectual stature, when in reality, perhaps, he has gained little 
or none at all. 


Control of Environment 

When we wish to keep environmental forces constant, while varying 
genetic ones, we are in much deeper water than when we attempt the 
reverse, for control of environment in any absolute sense is impossible. 
Even the best methods we have are treacherously defective. A few 
illustrations will suggest some common pitfalls. It is a mistake to 
maintain, as has been done, that up until the time of birth childz’en 
are identically nurtured, because there is abundant evidence that the 
prenatal environments of individuals tend to vary in significant ways. 
The mother^s nutrition, the extent to which she is host to diseases 
which can be transmitted to the fetus, and her possible possession of 
blood characteristics unfavorable to the child she is carrying are all 
important determinants of the development of the fetus. 

Comparisons of the degree of resemblance between family members 
with the degree of resemblance of non-relatives usually yield no con- 
clusive findings with respect to the force of genetic efiects, because 
family members tend, on the average, to have more similar environ- 
ments, as well as genes, than do non-related persons. A common type 
of study is that in which the degree of resemblance between foster 
children and their foster parents is compared to that between children 
and their biological parents. It is incorrect to assume that the small 
differences that have been frequently reported are evidence that the 
genetic similarity of children to their biological parents has little 
weight in determining the physical and mental likeness they have to 
each other. Since social agencies try to match in various ways a child 
with the people in the foster home in which he is placed, this selective 
placement may operate to cause foster children to show in some 
respects considerable similarity to their foster parents. This simi- 
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larity is greater than would have obtained had the children been placed 
at random. The magnitude of twin dissimilarity in identical and 
fraternal pairs gives no certain clues as to the weight of genetic vari- 
ables in the production of the variety we see in human beings, for the 
reason that the forces of nurture making for divergence between the 
pair members of identical and of like-sex fraternal twins are not 
essentially equal. By virtue of the fact, among others, that identical 
twins often look so much alike they cannot be told apart, they must 
receive more nearly similar attentions from their environments than 
do the pair members of like-sex fraternal twins. 


PROCESSES AND PATTERNS OF MATURATION 
Maturation Patterns 

Closely related to the studies of the influence of heredity and 
environment are those concerned with the developmental sequence 
typical of human beings. No organism can develop in a vacuum, and 
the behavioral and structural unfolding characteristic of the members 
of a species must be mediated by both extra- and intra-organic forces 
which are almost invaluably present. It seems reasonable, then, that 
the methods of studying human maturation should be focussed upon 
the discovery of what the essential details of the human developmental 
pattern are and of what forces within and outside the organism are 
significantly involved either in producing the pattern or in determining 
the rate at which it unfolds. 

It may seem to the reader that the discovery of behavioral sequences 
typical of the development of human beings would be very easy, but, 
on the contrary, the discrimination of fine differences in behavior may 
necessitate long and painstaking observation. One way Gesell [27] 
aided himself in distinguishing the behavior patterns typical of infants 
differing slightly in age was to place two babies of the ages under con- 
sideration side by side before him. He would then observe them care- 
fully and dictate to his secretary what he saw at the time he saw it, as 
well as take motion pictures of the subjects. After the babies were 
gone, Gesell would mull over the records and review his motion pictures 
many times, searching for differences. Progressions Gesell thought he 
observed he would then attempt to verify on many subjects before he 
made any claims for universality. 

Below is a selection of items from a sequence of accomplishments 
that Gesell [27] offers as descriptive of progress toward walking. 
Because everything the child does is related to everything else, the 
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behavior patterns listed have to be viewed as landmarks in his progress 
in growing up rather than any complete description. 

Behavior Approximate Median 

Age of Appearance, 

Weeks 

6 
6 
12 
12 
20 
32 
36 
40 
44 
48 
48 
48 
52 
56 
56 
60 


Photographic Dome and One-way-vision Screen 

So that the infants would be relatively free from distraction while 
being photographed and observed, Gesell [27] placed them in a photo- 
graphic dome. The walls of the dome were made of one-way- vision 
screen, in which were set runner tracks on which cameras could be 
moved up and down. This arrangement made it possible to photo- 
graph the babies from almost any angle desired. 

The one-way-vision screen Gesell used was of very fine mesh and 
was painted white on one side, so that it reflected light chiefly toward 
the subjects inside the dome and thus prevented them from seeing 
through the wire, if the illumination inside the dome was higher than 
on the outside. Persons on the outside of the dome— on the side left 
unpainted — could, on the other hand, look through the screen. 

Screens of this type are frequently used also in nursery schools and 
clinics. By this device it is possible to avoid having children influenced 
by persons who wash to observe them. Parents may be convinced of 
the efficacy of certain guidance methods they have been resisting by 
seeing their own children who baffle them handled successfully by a 
nursery-school teacher. Students may watch an expert test or inter- 
view a child by use of this device. 
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fl Head sags 

Legs extended briefly 

/: Supports a fraction of weight briefly 

I' ; Head steadily erect 

1 , Supports a large fraction of weight 

j'J Supports entire weight 

j'i ■ Stands on toes 

Ij Stands, holding side rail 

I'i Lifts foot while supporting entire weight 

1 1 Pulls to standing, holding side rail 

;i . Walks, two hands held 

Lowers self, using support 
Walks, one hand held 

4 Attains standing independently 

I Stands alone momentarily 

I; Walks alone a few steps, starts, stops 


Methods of Mapping Actions 


Halverson, one of GeselFs coworkers, did an especially fine piece of 
work in differentiating age differences in the pattern of reaching and 
grasping among babies [33]. Movies had been taken of the children 
in a standardized setting as they reached for blocks, pellets, and pieces 
of string. Halverson mounted the projector for the film so that it 
could be focussed on a piece of ground glass set in a table top. (See 
Fig. 2.) The projector was hand driven and provided with an adjust- 
ment for reversing. By these devices the film could be exposed at any 





Fig, 2. Projection desk used for cinema analysis of infant behavior and 
sample film strip. (Courtesy of Professor A. Gesell. See reference [33].) 


speed desired, and any section of it could be easily repeated. The time 
taken by any act could be computed merely by counting frames. To 
facilitate further the discrimination of behavior differences, maps were 
made of the course of certain actions. In plotting the route the 
infant’s hand took in approaching a cube, the experimenter stilled each 
frame and indicated for it the position of the tip of the child’s index 
finger by a dot on a map. The dots then outlined the course of the 
index finger. This map and the movies furnished data on the number 
of attempts the babies made to reach the cube, the number of failures 
in grasping, the extent of overreaching, the directness and height of 
advance of the hand, and the amount of hand rotation. 

Kreezer and Glanville [46] similarly studied the action of hip, 



knee, and ankle joints in the walking of persons of various ages. 
These investigators mapped the course of marked parts of the sub- 
ject’s anatomy as shown in movies taken of the subject in a standard- 
ized position against a background that contained reference lines. 


Method of Understimulation 

The method of understimulation, in contrast to those just discussed, 
which yield descriptions, is useful for the analysis of factors influencing 
the tempo and pattern of developmental change. Although the method 
has been used more frequently and dramatically in the study of lower 
animals than in the study of children, child psychologists have 
employed it in spite of its risks. Dennis [22], who was interested 
in the effects upon the development of a child of depriving him of the 
usual social stimulations, isolated two fraternal twin babies from 
people other than their twm keepers for most of a year. The twins 
were fed and kept clean but were not talked to, smiled at, played 
with, approved, or punished. Screened even from each other, they 
spent most of their day lying in their cribs. Despite this very low 
amount of social stimulation, the babies made progress in many infant 
skills about as do babies who are normally reared. Other examples 
of studies concerned with the effects of understimulation are those 
of individuals, who, after being without vision, have gained their 
sight as a result of an operation on their eyes [20] ; Indian children 
who have been cradled and whose movements were restricted thus 
during much of their infancy [21] ; and feral children [76]. 


Co-twin Control Method 

The co-twin control method, which contrasts the effects of under- 
stimulation with systematic training along some line, has been popu- 
larized by Gesell and his students [26]. The method aims to reveal 
the effect upon the rate of learning of increased physical maturity. 
The design of the method is as follows: One of a pair of identical twins 
is trained in a specific skill, such as reaching or talking, and the other 
twin is prevented from having any experiences closely related to this 
skill. Then after a time the treatment procedures are reversed for 
the two individuals. If, as has usually been the case, the second twdn 
acquires more rapidly the skill for which the two w^ere trained, this 
fact is attributed to greater physical maturity. Since the twins are 
identical and demonstrated to be about equal in physical and behavior 


traits at the beginning of the experiment, heredity, native ability, and 
general experience seem eliminated as determinants of any differences 
that may appear between them in the course of the study. It is, of 
course, a question whether greater physical maturity, transferable 
experiences the second twin may have had during the period when 
the first was being systematically trained, or both, are responsible 
for the more rapid learning of the second twun. Geseil [26], Strayer 
[66], and others tend to believe the maturity factor the more im- 
portant. 


Method of Inferspecies Comparison 

To throw into relief the effect of gross gene differences on the tempo 
and pattern of development, Kellogg [41] reared with his own son a 
chimpanzee infant, treating the chimpanzee as if he were human. 
The ape and the human infant were tested periodically with the same 
tests, and the courses of their development thus compared. 


Method of the Abnormal Case 

The alert experimentalist often sees in a freak human being an 
^^experiment” performed for him by nature or accident. Instances of 
this sort are the cases of puberty praecox. Here nature alters in an 
extreme fashion an internal process — in one type, for example, 
increases the secretion of the cortex of the adrenal glands. The result 
is that the secondary and primary sex characteristics appear abnor- 
mally early in the victims. Some children who are only a few years 
old become capable of procreation. The extent of the effects of very 
early sexual maturing upon other body tissues, as well as upon 
behavior and attitude, is an interesting problem into which consider- 
able probing has been done. Nature or accident may also reverse the 
puberty-praecox type of experiment for us and offer us for study 
subjects deficient in some way, such as in sex hormones. 

Prematurely born babies represent a case in which the usual environ- 
ment is altered, instead of an internal process, as in puberty praecox. 
These babies help us to answer the question of whether the exposure 
of the infant very early in life to a more variable environment than 
the intrauterine one speeds the rate or alters the pattern of his 
development [35]. 


PERCEIVING, ABSTRACTING, AND GENERALIZING 


General Methods of Analyzing Perception 

Whether an individuaPs perception is being influenced by an object, 
quality, or relationship can be determined by noting whether he reacts 
differently when the object, quality, or relationship is altered or 
removed. It is of parallel interest whether a person, upon exposure 
to a variety of stimuli, reacts similarly to those stimuli which are 
alike. The question of children’s ability to perceive various phe- 
nomena has, accordingly, been approached via these two procedures. 
The child may be: (1) exposed to two stimuli differing in only one 
respect, and his reactions to the two, wdiether learned or immediate, 
studied; (2) requested merely to express his preferences among stimuli 
differing in only one respect; (3) induced to verbalize on the differ- 
ences he observes; (4) asked to match stimuli; (5) given the task of 
picking out the unlike item in a series the units of which are alike with 
one exception; or (6) instructed to copy or reproduce a stimulus. 

Since the infant is lacking verbal skills and cannot follow directions, 
the first method is alvrays employed to test his ability to discriminate. 
The really difficult task faced by experimenters dealing with the 
question of infants’ discriminatory processes is to keep constant 
everything but the stimulus feature which is being systematically 
varied. As was explained earlier, the experimenter can never control 
all aspects of a situation. He will do w^ell if he can keep the major 
constant and chance errors from befogging his findings. 


Experimental Cabinet and Stabilimeter 

To control as far as possible the stimulus situation of infants whose 
sensory abilities are being looked into, what has been called an 
experimental cabinet has often been used [23, 38]. See Fig. 3. The 
temperature in the cabinet can be kept virtually constant by means 
of a heater regulated by a thermostat. Since the cabinet closes out 
light, it is not difficult to keep the light from varying. The cubicles 
that have been used, unfortunately, have not been soundproof, but 
sound stimuli can be kept ^t a minimum by housing the cabinet in 
very quiet quarters. There can be no direct control over the tactual, 
kinesthetic, and visceral stimuli the baby receives. 

The infant is placed in the cabinet on a platform supported so that 
it jiggles as the child moves. This platform, called a stabilimeter, 
is connected through switches and an electrical circuit with a poly- 
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graph peiij which records the platform’s movements as oscillations on 
the tape of the polygraph. With a time marker the tape can be 
sectioned off into units representing constant intervals of time. A 
count of deflections on the tape, each representing a movement of 



Fig. 3. Isolation cabinet for experimentation with infants. 


A = camera, B = "cold lights," C = observation port, D = control for temperature and humidity, 
E = air tube, f — recording polygraph. (Courtesy of Professor F, C. Dockeray.) 

some sort, in any chosen time interval can then be taken as a measure 
of movement frequency under a given condition of stimulation. If 
it seems desirable, the magnitude of the deflections can also be meas- 
ured. Since the number of a child’s movements and their magnitude 
tend to be highly correlated, usually the frequency is adequate to 
indicate differences between individuals as well as differences in 
behavior on the part of the same individual under diverse conditions. 
If, for instance, when a bell is rung, inf ants tend to increase or decrease 
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their mo'y-.ements beyond what obtained during the previous quiet, it 
can be suspected that the sound effected the change in their behavior, 
i.e., that they hear. By the same general sort of comparisons, the 
sensitivity of infants to sounds and to lights of different intensities 
and to lights of different colors, as well as to internal stimuli such as 
those initiated by hunger contractions, lias been determined. 

It would be possible, although not likely, for an infant to fail to 
show his capabilities for discrimination in a setting such as has been 
described, because he is disinterested in the stimulus change. Hence, 
ideally, in experiments of the sort just outlined the test situation 
selected should be meaningful to the infant, and the adjustments he 
normally makes to the stimulus rather obvious. 

A Method of Testing Color Discriminatbn in Infanfe 

Peiper^s method of studying the color discrimination of infants 
meets the two conditions suggested above [56] . Peiper noted that an 
eye-neck reflex occurred in babies when they were held upright and 
a light flashed just above the level of their eyes. By increasing 
gradually the intensity of the light sent through red, yellow, blue, 
and green monochromatic filters, Peiper recorded the intensity level 
for each color when the eye-neck reflex first pccurred. These limen 
values for the four colors, he made evident, differed with photopic 
and scotopic vision. The brightness order from high to low of the 
colors in photopic vision was yellow, red, blue, and green, whereas 
when the child^s eyes were dark-adapted, red and yellow decreased 
in brightness and green and blue increased. These changes are at 
least in the direction the Purkinje phenomenon would lead one to 
expect and therefore suggest that the same color mechanisms are oper- 
ative in an infant's eyes as in an adult's. The student is referred to 
the works of Chase [15] and Smith [64] for other methods of studying 
color vision in infants. 

Method of Equivalent Stimuli 

When it is desired to discover whether children can readily learn 
to discriminate a difference, a sort of conditioning procedure has 
usually been employed. An illustration of this type of approach is 
Bing Chung Ling's investigation [48] of the ability of infants from 
6 to 12 months of age to discriminate between such geometrical forms 
as a circle and triangle. Ling, furthermore, attempted to assess the 
capacity of the babies to form shape concepts, i.e., to react to circu- 
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larity or triangularity, etc. Ling relied upon the tendency of young 
humans in their second half year to reach for almost everything in 
sight, to put into their mouths whatever they succeed in grasping, 
and to be partial to sweets. She pegged into a gray board w’’hich w^as 
placed before the baby in his crib a yellow square block and a circular 
block of the same color. The baby was trained to reach for the 
circular block as follow^s: The square could not be removed from the 
board, the circle could. The baby, if he removed the circular block 
and put it in his mouth, was rewarded by a sweet taste, for the blocks 
had been dipped in a saccharine solution. This reward apparently 
reinforced the success of dislodging the block. The babies learned to 
reach immediately for the form for which they were being trained. 
Then the position, size, and orientation of the key block were changed 
one at a time, and additional blocks vrere introduced to increase the 
difficulty of discrimination. It was assumed the babies had begun to 
abstract when they could readily recognize the discrimination object 
regardless of its position, size, or orientation and despite several con- 
fusion objects. Ling’s method is knowm as the method of equivalent 
stimuli. It has been widely used, particularly with animals. A 
favorite problem to which it has been addressed is the determination 
of how obscure a quality can become before subjects fail in learning 
to recognize it. 


Matching- and Discordant-items Procedures 

The ability of older children to discriminate readily such small 
differences in form as are necessary if they are to learn to read with- 
out too much difficulty has been tested by some of the so-called 
reading-readiness tests, wffiich usually employ either the matching- or 
discordant-item procedures mentioned earlier. The child is tested 
for his ability to perceive both likeness and difference. He is shown 
a letter and then told to cross out with a pencil the letter, in a series 
of two or more, like the one he has been shown. Or in a series of 
letters alike, with one exception, the child is asked to cross out the 
letter that is not like the others. It should be mentioned in passing 
that the typical reading-readiness test attempts to measure many 
kinds of readiness other than that in perceptual skill — readiness in 
general experience, language, and ability to think in abstract terms. 

Preference Method 

The method of expressed preference, referred to at the beginning 
of this section, was employed by Daniels [18] to discover whether 
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preschoolers tend to have the ability to perceive differences in such 
esthetic qualities as balance. Since her young subjects would not 
have understood the directions had they been requested to indicate 
which of the presented compositions was the more balanced, Daniels 
asked the children to choose the one in each pair of block structures 
which they thought was the nicest. The youngsters were also told to 
build a structure like any one of the two exposed. Preferences thus 
expressed in a number of pairs of constructions, the two units of which 
differed in degree of balance but were alike in the number and color 
of the blocks composing them as well as in background, probably 
would disclose the subjects’ sensitivity to balance. Any two com- 
positions must, of course, have differed in ways other than in balance, 
such as in apparent size. Unless some constant errors were intro- 
duced, however, these differences need not vitiate the findings. It 
should be added here that the children did seem to prefer and did tend 
to copy more frequently the more balanced structures. 


Method of Imitating or Reproducing 

The method of reproducing is less satisfactory than the procedures 
for testing perceptual proficiency thus far explained, because subjects 
may fail more as a result of their lack of ability in manipulative skill 
than of ability in perceiving. Because one cannot paint as did 
Leonardo da Vinci does not prove he cannot discriminate between his 
own paintings and da Vinci’s. Children’s drawings have, 'accordingly, 
been of interest more for what they reveal of ability in drawing itself 
than for what they indicate concerning the children’s perceptions. 

A form of imitating in which the motor adjustments were kept 
sufficiently simple for the subjects studied, so that the perceptual 
components of the activity chiefly were determining of success, is 
represented in Williams’ study [74] of the ability of preschool children 
to imitate a sound rh3rthm. Williams took motion pictures of his 
subjects as they tried to clap in time to music. These movies, taken 
with a wide angle lens, included not only the children but also a 
metronome oscillating before a white cardboard scale, and the pianist 
who was furnishing the music at the tempo dictated by the metronome. 
By studying the frames of the film, it could be determined whether 
the children clapped, i.e., their hands touched, at exactly the moment 
the metronome pointer or the pianist’s posture indicated the beat was 
sounded. 
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Abstracting and Generalizing — Matching Procedure 

It might be mentioned at this point that the use of a matching 
procedure to throw light on ability to abstract is somewhat different 
from its use to determine the ability of subjects merely to perceive ' 
a simple difference. In the studies of concepts the objects or struc- 
tures to be matched, instead of being alike in all respects but one, 
may be alike only in one. This quality has to be abstracted out of 
the complex and responded to if the subject is to be successful. 
Horowitz [37], for example, showed white and Negro children cards 
containing at least two pictures — ^that of a Negro child of the sex of 
the subject and that of a white child of the same sex — and asked the 
subject, “Which is you?” In some instances pictures of non-human 
objects, such as a chicken or lion, were added to the series presented 
to determine whether the children were assigning themselves to the 
class of persons. 

If subjects consistently identify themselves with the pictures of 
children of their own color, it can be assumed they have themselves 
correctly classified, at least as to pigment and species. They have 
the beginning of a concept of race. 

Horowitz’s study illustrates the type of investigation in which a test 
is made of a concept already learned. More frequent are inquiries 
like Ling’s, described previously, in which the subject is motivated 
to learn to detect a given quality in whatever stimulus complex it 
occurs. 


Method of Interviewing 

The method of interviewing has been used to discover the content 
of many different sorts of child concepts: number, time, cause, God, 
death, life, thought, etc. Piaget [58] has employed it with excellent 
effect. The following protocol will illustrate how he proceeded in 
his effort to discover the details of certain moral concepts held by 
his subjects: 

A little boy sees that his father^ s ink pot is empty. He takes the ink 
bottle, but he is clumsy and makes a big blot, — ^And the other one? — There 
was a boy who was always touching things. He takes the ink and makes a 
little blot . — ^Are they both equally naughty or not? — No, — ^Which is the most 
naughty? — The one who made the big blot. — ^Why? — Because it vms big . — 
Why did he make a big blot? — To be helpful— And why did the other one 
make a little blot? — Because he was alvmys touching things. He made a 
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little blot . — Then which of them is the naughtiest? — The one who made a 
big blot. 


MOTOR SKILLS 


Problems 

So-called motor skills are merely those in which the muscular 
aspects of the adjustments are conspicuous. Like all adjustments 
they involve the total organism. 

There are several classes of problems in the field upon which much 
attention has been centered: (1) rapid and accurate measurement of 
individual differences in motor adjustment and skill, (2) discovering 
why the differences in skill exist between individuals or in the same 
individual from time to time, (3) discovering the nature of the abili- 
ties that enter into so-called motor skills, and (4) methods for teaching 
or correcting or altering motor patterns of response, e.g., teaching 
writing or correcting stuttering. 


Types of Measures 

Some measures of motor skill that have been frequently used are 
(1) the time consumed for a unit of work; (2) the output in a unit of 
time; (3) assessments of the quality of the products, such as hand 
writing, resulting from motor activities; and (4) a count of the num- 
ber of motor accomplishments, from among a representative list, which 
the individual possesses. Development in motor skill may be plotted 
roughly in terms of any one of these four criteria. Although the first 
measure is probably more discriminating than is the second, especially 
when the task is not of uniform difficulty throughout, the second is 
used more frequently because it is usually less cumbersome. 


A Method of Measuring Hand Preference 

The second measure was probably employed quite safely by 
Valentine and Wagner [71] in their study designed to throw light on 
the question of the nativeness of hand preferences. These investi- 
gators tied to each hand of newborn infants a light string which was 
then drawn over a pulley-counter arrangement. Any movement of 
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the baby’s a»ii activated the pulley wheel, which was connected so 
as to cause the counter to register. The final reading on the counter, 
then, indicated the total number of gross movements made in a known 
interval by the child’s arm. Since similar assessments were made 
for each arm, it w^as possible to tell which member was the more active. 
Valentine and Wagner kept the babies under observation for the first 
10 days of their lives. 

For older children who have considerable manual skill and can be 
expected to follow directions, a parallel technique used by Goodenough 
and Tinker [31] gives a fairly satisfactory indication of the relative 
skill of the two hands, because usually the hand which is the more 
efficient in one difficult task performs the more ably in others. 
Goodenough had the children tap as fast as they could on key 1 on an 
adding machine. The machine thus automatically gave a count of 
the number of taps made in the 10-second time-unit chosen. 


Time Sampling Procedures 

The so-called time sampling procedure, popularized in child psy- 
chology by Thomas [67], may be cited as a special case of the con- 
stant-time, variable-output type of measure we have been discussing. 
This method has commonly been resorted to when individual motor 
characteristics, as w^ell as social-emotional ones, are to be appraised. 
The general plan of the method can be illustrated for activeness as 
follows: If one wants to know whether a certain child is very active, 
he looks in on the subject at randomly distributed times for a number 
of days. A peek is probably enough to determine if the child is vigor- 
ously employed. If most frequently, when observed, the child is 
indulging in strenuous activity, he can be said to be an active person. 
Whether he is more or less strenuous than other children can be deter- 
mined only if similar measures were made of others. 

The units of behavior assessed in the time sample method are as a 
rule those provided in short intervals of time— a few seconds, a minute, 
or 5 minutes. The plan for describing the behavior in each time 
unit has varied in form from study to study. If the trait of activeness 
is the experimenter’s interest, the descri^^^ may be a rating, a 
pedometer reading, a tally of happenings, or a map of territory 
covered. 

Since any description of behavior is necessarily an incomplete repre- 
sentation of it and of the situation in which it occurs, it is well to 
remember that gross distortion can proceed from this source. The 
observers’ biases and lack of acuity may also introduce much error. 
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Methods of Estimating Observer Accuracy 

The accuracy of the observer is a concern of great moment in the 
short behavior-sample method. The extent to which observer inade- 
quacies render defective the appraisals made is usually estimated by 
having two independently 'working observers make evaluations of the 
same phenomena. After many behavior samples have been described 
independently in this w^ay, the observers compare notes to determine 
to what extent their recordings agree. If there are disagreements, 
the observers try to determine why, to clarify the definitions that are 
guiding them, and to make decisions as to how certain types of situa- 
tion should be recorded. Training is generally continued in this 
fashion until almost perfect agreement in reporting events is achieved. 

It is well to determine periodically whether observers are adhering 
to the interpretations and procedures agreed upon in their initial 
training period, for subtle changes in method tend to creep in wdthout 
the observers being aware of them. It should also be understood that 
observers may agree and yet be wrong in their diagnosis of what 
occurred. One way of checking more carefully on the observers ^ skill 
is to take a motion picture, as Thomas did [68] , of a sampling of the 
happenings the observers are attempting to describe. 

In the interests of facilitating the recording, it is w^ell that as much 
of it as possible be done in code. The children's initials, for instance, 
can be used in place of their names, arrows to indicate the direction 
of an action, letters for various types of response, etc. 


Duration and Distribution of Samples 

The optimal duration and distribution of the behavior samples vary, 
of course, with the trait being studied and the purpose of the measure- 
ment. Generally speaking, the samples should have no greater dura- 
tion than is necessary to make an accurate evaluation of the items 
being recorded or to give the significant behaviors a reasonable oppor- 
tunity to occur. The units should be distributed systematically over 
the situations the behavior in which is of particular interest. Most 
investigators have limited themselves to observation in quarters where 
many children are assembled, such as the nursery school or the 
playground. It has also been common practice to observe subjects 
in activities in wdiich their own inclinations are chiefly determining 
of what they do. The evaluations of a child made under these cir- 
cumstances, it must be remembered, may not agree with appraisals 
made under other circumstances. A child^s home and school behavior 
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may be very different, or even his behavior in free and in directed play. 

The total number of samples necessary to portray accurately the 
relative status of individuals varies with the fineness of the discrimi- 
nations to be made and the variableness of the trait. Generally 
speaking, many short samples widely but systematically distributed 
are better than fewer long ones. It is well not to spread the samples 
over too long a period of time, however, if the ciuality measured is a 
changing one, because the final measure may then fail to represent 
the child at any time. 


Limitations and Uses of Time Sampling 

Most measures based on accumulated short behavior samples have 
limitations that stem from the inability of the experimenter to control 
the general meaning of the situation for the subject. A child may be 
less active than others at school because he is relatively new and is 
feeling his way, because some classmate cows him, or because the 
program bores him. If a quality independent of motivation or of 
certain specific motivations is the item of interest, the motivation 
variable should be either statistically or experimentally controlled. 
The achievement of this control has seldom been demonstrated. 

Despite its limitations , the method of time sampling has many uses 
[3, 9]. It lends itself readily to the measurement of individual dif- 
ferences in social-emotional qualities shown in natural group settings 
[43] and to the evaluation of materials or activities. If one wished 
to determine which pieces of play equipment are the most popular 
with children of various ages, he might give attention to the various 
pieces for a uniform number of appropriately distributed short inter- 
vals of time, noting how many children were playing with each piece. 
By keeping the subjects constant during the observation and by count- 
ing the children who used each toy or bit of apparatus in the time 
samples, he could estimate the appeal of each. Or, by noting the 
relative frequency of occurrence of certain types of behavior, such as 
nervous habits, in various settings, it might be possible to throw light 
on factors that contribute to the behavior. In this case settings must 
be sampled, and actors kept constant. 


A Method of Describing Aspects of Walking 

In contrast to devices for measuring motor skills directly, such as 
those just discussed, are the methods which give attention to the 
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quality of ‘^motor’’ products. The procedure used by Shirley in 
studying the walking of a young child is a good illustration of one 
yielding a detailed quantitative analysis of a motor product [63]. 
Shirley oiled the soles of her infant subjects’ feet wdth olive oil and 
then had the children walk, either alone or supported if necessary, 
down a long strip of unglazed white wrapping paper, which promptly 
soaked up the oil as the child planted each foot. To make the oil 



Fig. 4, Diagram showing the method of measuring footprints. (From Shirley 
[63], by permission of the University of Minnesota Press.) 


2 total distance traversed. 

4a right-right step length. 

4b left-left step length. 

4c right-left step length. 

4d left-right step length. 

6b stepping angle. 


5a right-right step width. 
5b left-left step width. 

5c right-left step width. 
5d left-right step width. 
6a standing angle. 


print clearly visible, Shirley dusted the paper with a pow^der mixture 
of graphite, acacia, and lampblack. This black powder adhered to 
the oil spots but could readily be brushed off the rest of the paper. 
To preserve the prints, the sheet was sprayed with a shellac spray. 
Shirley then measured the width, length, regularity, speed, and angle 
of the child’s step. See Fig. 4, 

Wolff [75], who was interested in determining the points of the 
foot which carry the greatest weight as the child walks, also used 
footprints. She dusted the child’s foot evenly with chalk and then 
had him walk on a strip of black paper. It was readily evident from 
the white prints at which points on the sole the chalk dust was thinned 
down most quickly. 


Product Scale 

Another type of quality assessment of a more impressionistic type 
is made with the aid of product scales, such as those for handwriting 
[73], drawing [69], or block building [4], In this case a bit of the 
child’s handiwork is compared with the samples that constitute the 
scales. The value of the scale sample which the child’s product most 
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nearly resembles is the score the latter receives. The method of 
scaling products is discussed in Chapter 5. 

Mofor-developmenf Scales 

A motor-development scale contrasts with a product scale in that 
behavior items, rather than the products of behavior, constitute the 
scale content. A motor-development scale does not differ, in the 
skeleton of its construction pattern, from a general development or an 
intelligence scale. The usual problems of scaling and of subject and 
task sampling confront the worker w^ho devises a motor scale. Since 
these are dealt with in Chapter 17, we shall merely describe here one 
of the more interesting motor-development scales for preschool chil- 
dren, e.g., that devised by Bayley [6], who, we might add, has also 
constructed a general development scale. By observing about sixty 
babies at uniform short intervals until they were 3 years old and 
making an inventory of their motor accomplishments, Bayley discov- 
ered achievements which virtually every child attains at some time 
or other during his first 3 years. She computed the average age of 
appearance of each such accomplishment among her subjects and listed 
the skills in the order of their time of development. The location of 
an item on the motor scale was expressed also in terms of absolute 
scale units. Below are listed about the first fourth of the items in 
Bayley^s list. 

Age Placement, 
Months 
0.2 
0.5 
0.5 
0.6 
0.7 

1.7 

1.8 

1.9 
2.6 

2.9 
:3.4, 

3.5 

3.5 

ZS 
4.1 

4.6 
5.0 


! 


Test Item 

Absolute Scale 
Value 

Crawling movements 

0.06 

Postural adjustments when held to shoulder 

0.13 

Lifts head at shoulder 

0.14 

Lateral head movements 

0.29 

Retains red ring 

0.34 

Arm thrusts in play 

0.75 

Leg thrusts in play 

0.78 

Head erect — vertical 

0,87 

Dorsal suspension — lifts head 

1.10 

Head erect and steady 

1.26 

Turns from side to back 

1.50 

Prone — elevates self by arms 

1.54 

Sits with support 

1.55 

Hands predominantly open 

1.62 

Holds head steady 

1.64 

Beginning thumb opposition 

1.88 

Sits with slight support 

2.14 

Turns from back to side 

2.34 

Partial thumb opposition 

2.42 

Effort to sit 

2.54 
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To determine a particular child’s motor-development level by means 
of this scale, the experimenter stimulates the child to perform the 
activities listed on the inventory, or by inquiry determines which 
skills the youngster has had in his repertoire. The child’s score is 
merely a count of the number of items passed. This simple point 
score is transmuted into a standard score in order to describe the 
subject’s standing in his own age group. How representative of 
American children the subjects w^ere on whom Bayley’s norms are 
based is a question. 

As motor skills become more diversified, differentiated, and complex, 
general motor scales, such as Bayley’s, tend to become unsatisfactory. 
At later ages the so-called scales of motor ability are, as a rule, based 
on ability in sports: running, jumping, throwing, gripping, aiming, 
and balancing [11, 17, 24]. These abilities are not perfectly corre- 
lated with each other nor with such finer motor skills as playing the 
piano or typing. Hence, one would need to generalize cautiously 
from his test results. 


LANGUAGE AND SPEECH 
Recording Language 

If samples of the spoken language of an individual are to be 
analyzed, a record of some sort generally has to be made. Mechanical 
recording is often desirable because it provides a more faithful repro- 
duction of what is said than the human recorder can provide. It 
must always be remembered, however, that the record is not the 
analysis; it is merely the frozen product. 

There are several common types of sound record, e.g., the phono- 
graphic, wire, and film. In each type mentioned, the sound waves 
which strike the diaphragm of the microphone alter the current 
through an electromagnet which, in turn, converts the variations in 
current into some sort of record. In the wire recorder the counterpart 
of the soundwaves is the degree of magnetization of the wire which 
passes slowly between the poles of the electromagnet as the record is 
made. The sound counterpart on the film, the ^‘sound track,” is the 
degree of darkness of a line, whereas in the phonograph it is the hill- 
and-dale pattern etched on a wax or plastic disk. 

To the extent that physical forces, such as inertia, momentum, or 
friction, governing the recording mechanisms interfere with the pro- 
duction of a record pattern which has a one-to-one relationship with 
the pattern of sound waves which strike the microphone, or to the 
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extent that the reproducing mechanisms similarly distort as the record 
is being reconverted into sound, to that extent the reproduction lacks 
fidelity. Many is the person who, having had his voice recorded, 
has not be able to recognize it when it was played back to him. This 
may be due in part to the fact that the overtones, which give a voice 
its unique timber, were not strong enough to influence the recording 
because of inadequate amplification. 

All the recording systems described distort sound to some extent; 
but for the purposes for which most records are taken, namely, for 
inquiry into the content and structure of the language spoken, the lack 
of fidelity is inconsequential. It wmuld be more serious in a study 
like that of Jones and Moses [40], wdio were interested in relating 
certain personality traits to such speech characteristics as general 
pitch level and intensity of voice, tempo of speaking, nasal resonance, 
rhythm, melody, and monotony of speech, precision of enunciation, 
major or minor key character of voice, frequency of rising inflection, 
frequency and extent of emphasis, and duration and character of 
pauses. Williams [74], on the other hand, who investigated the 
ability of preschoolers to sing on pitch, found rather poor phono- 
graphic recordings adequate, since the item of concern to him was the 
fundamental tone. Williams made I'ecords of his subjects’ singing of 
short songs. He then played these records over and over until he 
was satisfied he had identified accurately the tones out of the total 
sung that were on pitch. 

If one were interested merely in the content of a subject’s verbal 
products, long- or shorthand recordings might be quite adequate. The 
likely inaccuracy of what is reported, if the verbal material is poured 
out with any speed, should, nevertheless, be appreciated. Betts [8] 
made a phonographic record of the recitations of some grade-school 
children. These same recitations were recorded by persons using 
longhand, persons with average speed in shorthand, court reporters 
using shorthand, and phoneticians. The percentage of accuracy, when 
the electrically derived record was used as the criterion, was 80.4 for 
the court reporters; 53.3 for those with average skill in shorthand; 32 
for those using longhand; and 14.9 for the phoneticians. In the 
various records 14 to 84 per cent of the wmrds were omitted; 8 to 11 
per cent had substitutes supplied; and 4 to 6.5 per cent of new wmrds 
were added. 

Before we leave this topic of recording, it should be said that a wire 
or film record is more satisfactory than a phonographic record for 
most purposes, if a reproduction of any length is desired. The cost 
and the amount of mechanical manipulation necessary are less. On 
one spool of wire may be recorded several hours of conversation. 
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The spools are also easier to store than are phonographic records ; they 
cannot be scratched; and, when the record is no longer wanted, the 
wire can be demagnetiaied and used over again. The wire recorder has 
the additional advantage of being readily concealable inside some 
article in the room, such as a lamp. If the subject does not know that 
a record is being made, he is much less likely to be inhibited and self- 
conscious. Hence the ease with which the recorder can be concealed 
is a consideration of some importance. 


Motivatioim 

Another routine problem in the investigation of language, like that 
of recording, is the elicitation from the subject of the responses desired. 
Preschoolers often have to be made to forget themselves before they 
will talk. For this reason many investigators have seen fit to acquire 
such language samples as they needed when the children were in a 
play situation and did not know they were being observed [39], If, 
however, one wants to know whether a child can pronounce a d when 
it is buried in the middle of a word, it may be very costly of time and 
energy to sit around and wait until a word of the proper kind is forth- 
coming. In the study by Wellman, Case, Mengert, and Bradbury [72] 
on the speech accuracy of preschoolers, the children were encouraged 
to talk by being shown pictures about which they were questioned. 
The responses expected contained the w’^ords which would reveal the 
phonetic skills under investigation. It should be mentioned that it 
is easier to get a preschool child to point than to talk, and to name 
an object in a picture than merely to repeat words after the experi- 
menter, Questioning children in any way that makes them conscious 
of themselves as performers is almost certain to beget resistance. 


Problems of Task Sampling 

If measures are wanted by which individuals or groups can be com- 
pared, the extent of the language sample obtained from each subject 
is usually held constant, although for certain purposes a constant task 
or the language output in a unit of time that is the same for each 
subject is preferable. Individual differences in language structure or 
in knowledge are better, revealed by the first technique [62], but if 
confidence, loquaciousness, and interest are the concern, the time or 
task unit is the more desirable. A spoken or written composition on 
a specified topic, in that it represents the task individuals set for 
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themselves when given a general assignment, is likely to be heavily 
influenced by the subjects’ verbal fluency, knowledge of the topic, and 
enthusiasm, all of which are important determinants of the ability 
to communicate effectively. If a time control is introduced, a further 
variable may color the results, namely, the subjects’ skill in writing 
or in the motor aspects of speech. With young children this may be 
a variable of some weight. A similar consideration it is well to keep in 
mind when interpreting the results from timed achievement and intel- 
ligence tests. Ordinarily, however, in intelligence tests an effort is 
made to keep the motor response called for very simple, like crossing 
out or underlining. 


Word Lists 

Other task sampling problems face the investigator, even when he 
attempts the construction of so simple an instrument as a vocabulary 
test. What vocabulary is the test intended to sample: the words in 
the Oxford Dictionary, the vocabulary employed by a certain cul- 
tural group, the verbiage used in speaking, reading, or writing? Shall 
only the words in common use be included? If so, what are these 
words? Many workers have been greatly aided in dealing with this 
sampling problem by the word lists of various sorts that are available. 
These describe not only the vocabulary current under certain condi- 
tions or in certain groups but provide data on the relative frequency 
with which the various words are used. Thorndike and Lorge [70] 
have given us our most imposing list. These investigators have deter- 
mined the incidence of the words that occurred among 18,000,000 
taken from 285 somewhat arbitrarily selected sources, ranging from 
newspapers to the English classics. In fact, several types of fre- 
quency data are offered concerning the 30,000 words in the inventory. 
Of special value to those interested in young children is the word list 
based on 120 books for juveniles. This inventory defines the vocabu- 
lary children are expected to have. If, on the other hand, one wishes 
to know about the vocabulary preschoolers use in speaking, a list 
prepared by Horn is probably more pertinent [36]. 

In addition to serving as the basis for the selection of words to be 
included in vocabulary tests, the word lists have been of great assist- 
ance in helping the authors of stories and textbooks for children keep 
the vocabulary they employ within the likely range of their readers’ 
verbal comprehension. Still another use of the list may be made by 
the author of a set of readers for the primary grades. Children 
should learn to read first the commonest words in the language, and 
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the author can discover what these commonest words are by referring 
to the appropriate word list. 


Structure Analysis 

Language products may be analyzed from the point of view of their 
structure or content. They may also be studied for many purposes. 
These range from getting knowledge about the language itself or 
about the meaning certain words have for specific individuals to the 
diagnosis of what may seem to be rather remote personality traits. 
Structural characteristics are numerous, those details of verbal output 
of preschool children which have received most attention being accu- 
racy of pronunciation and of syntactical forms employed, sentence 
length and complexity, and frequency of use of plurals, various tenses, 
and parts of speech. McCarthy [50], Smith [65], and Davis [19], 
who have given us three of our more elaborate studies of the language 
of preschool children, were interested in the question of the features 
of language which vary with age. In McCarthy’s investigation a 
sample of fifty consecutive remarks was obtained in .a somewhat 
standardized setting from each subject in groups selected to be repre- 
sentative of each half-year level from 18 to 54 months. These fifty- 
remark samples were described in the following terms: completeness 
of sentence, extent of comprehensibility of the words spoken, number 
of words, number of different words, average sentence length, pro- 
portion of simple, compound, complex, or elaborated sentences, and 
percentage of total words, as w^ell as of total number of different words, 
represented by each part of speech. 

By determining the items which vary with age, McCarthy has given 
us some idea of typical developmental changes. Positively correlated 
with age were such indexes as the total and the number of different 
words used, the comprehensibility of the child’s speech, the sentence 
length, the proportion of sentences with clauses, and the proportion of 
qualifying words, such as adjectives and adverbs. What McCarthy’s 
method tells us, then, is that as preschoolers mature, their thinking 
becomes more complex — ^they use more symbols, more complex com- 
binations of symbols, symbolize more abstract qualities and relations, 
and do their thinking less in terms of the present. 

In older children subtler structural details, such as the relative 
frequency of clauses of different types [10], may be more diagnostic 
of increases in thought complexity than the indexes McCarthy used. 
For the differentiation of personality qualities other than maturity 
and intelligence, still other structural features may need to be focussed 
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upon. The ratio of action verbs to adjectives in a subject’s speech 
offers some promise as an indicator of degree of extroversion or action 
interest. 


Content Analysis 

Language-content studies have been of many types. The following 
are a few of the content characteristics into which there has been 
some inquiry: the uses made of language; the affective tone of the 
content, the types of question asked; the time reference of the mate- 
rial; the number of vague terms, qualified statements, self-references, 
and negatives; the amount of hostile feeling expressed ; and the inci- 
dence of specific themes, such as dependence, illness, and achievement. 
Ill the study mentioned above, McCarthy, by using an adaptation of 
a method developed by Piaget [57], probed the nature of the shifts 
that occur with age in the uses children make of language. She classi- 
fied the remarks her preschool subjects made as follows: questions, 
answers, commands, requests, criticisms, simple information relative 
to the present, information about something not present, comments 
to the self, and comments perhaps stimulated by the presence of others 
but seemingly sent forth without much expectation of a response. 
The percentage of egocentric or self-directed remarks and the time 
reference of the comments tended to correlate with age, but several 
of the categories seemed more closely related to personality qualities 
other than maturity. The proportion of commands and requests in 
the total remarks is a case in point. 

The thematic apperception, free-association, and a number of other 
projective tests represent language-content analyses directed toward 
the discovery of the subject’s values, manner of mental functioning, 
and social-emotional attitudes. These tests have been used more 
with older children who have considerable linguistic skill. See 
•;.GhapterT8. 


SOCIAL-EMOTIONAL BEHAVIOR 

Section Limits 

Ratings, time sampling procedures, projective techniques, tests, 
inventories, autobiographies, guess-who methods, questionnaires, inter- 
views, case studies, and various sociometric techniques, all of which 
have been used in the study of the social-emotional behavior of chil- 
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dren, have received extensive exposition in various sections of this 
book. The present section, hence, will concern itself chiefly with 
illustrating a few techniques which have had their primary use in the 
study of young children. 


Projective Methods 

Projective methods have long been in informal use with young 
children because these subjects, lacking in verbal skill and under- 
I standing, have to be understood, in the main, in terms of their behavior 

and products. Fortunately not yet tutored in the concealment of 
feelings, values, and disapproved attitudes, young children reveal 
S rather readily by their behavior the major color of their feelings. 

That toward which the feeling is directed and from which it stems has 
not always been equally obvious. It may take the whole household 
to decide why an infant is crying. In fact, the greater the gap in 
: age and experience between the child subject and the investigator, the 

i less successful the latter tends to be in inferring the reason for the 

‘ child’s feelings. 

! Projective methods, which aim to reflect both the feeling and its 

j object, have been concerned with various characteristics of the struc- 

! ture and content of the subject’s behavior and products. With older 

; subjects verbal materials — interpretations given ink-blots, stories told 

I in interpretation of a standard series of pictures, completions of stories, 

completions of statements expressive of values [61], free-association 
responses to homonyms [30] — ^have been the more frequently studied, 
i With young children attention has been directed, as might be sur- 

j mised, more to play behavior, products created, and choices expressed. 

Amen and Dorkey [2] in their adaptation of the Thematic Apper- 
ception Test, provide an example of an important method. Their 
subjects were shown a series of pictures, each one of which lent itself 
readily to a variety of interpretations in terms of adult-child or child- 
j child relations which a young individual might have experienced. 

I See Fig. 5. The central figure in each picture was without a face. 

I It was the subject’s task to decide whether a happy or a sad face, 

between which he had to choose, would be the more appropriate for 

I the child in the picture. The frequency with which the unhappy face 

was chosen, it was revealed, tended to be related to the degree of 
anxiety the child showed in his daily behavior at nursery school. 

The Alschuler and Hattwick study of such creations of nursery- 
school children as paintings, drawings, modelings, block structures, 
and dramatic play themes is one of the most extensive investigations 
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of the diagnostic value of child products [1], Believing that chil- 
dren's choices of activity are of as much significance as the character 
of their fabrications, Alschuler and Hattwick made no effort to stand- 
ardize the conditions under which their subjects’ creations were 
obtained. For a school year the creations of 150 children in eight 
different nursery schools, serving both upper and lower class groups. 



Fig. 5. Sample test item: ''Neglect." (Courtesy of E, W. Amen. 

See reference [2].) 

were collected and preserved for analysis. Those products, like block 
structures, which could not be preserved were photographed or 
sketched. Detailed records were made of the general conduct of the 
children both at home and at school, as well as of their preferences 
in materials and their behavior when using each medium. Case 
studies and group comparisons suggest, as significant for the diagnosis 
of certain personality qualities and attitudes, the choice of medium 
for creative expression, the child’s behavior while constructing his 
product, and certain patterns of structure unique for the individual, 
as well as certain characteristics of more general occurrence. 

The paintings, for instance, were analyzed for color, monotone or 
multicolored character, neatness, extent of overlaying of colors, amount 
of page covered, relative size, angularity and rhythm of stroke, 
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presence or absence of certain features individual for the child, and 
relative size of the various parts of the objects represented. 

The authors conclude, among other things, that children who empha- 
size color have strong emotional orientation, red being associated 
with the strongest feeling, and preference by a preschooler for blue 
being a sign of early socialization. The use of only a small part of 
the page for the painting suggests inhibitedness ; roundness of compo- 
sition, submissiveness; vertfcality, resistance; extensive overlay, 
repression; unusual lack of neatness, stress and confusion. 


Play Interview 

The play interview is still another technique centering around the 
play of children which is useful for unmasking the youngsters’ feelings 
and attitudes. The play interview often, although not necessarily, is 
carried out when the child is playing with dolls. The investigator 
may question the child concerning the dolls’ motives or feelings when 
he or the child causes them to behave in various ways. It is believed 
that, since the conversation is about the dolls’ activities, the child 
will not feel self-conscious or spied upon, while at the same time he 
reveals his feelings concerning the persons, including himself, whom 
the dolls symbolize to him. Fite [25], for instance, aimed to discover 
how certain preschool children felt about fighting, e.g., their conflicts 
over their parents’ prohibitions of physical assault and their urge to 
defend themselves by attack or to get what they wanted at any cost. 
Levy [47] has both asked questions about the dolls’ behavior and 
interpreted it. Interpretations w^ere given when it was thought the 
child needed and was ready to receive insight into his own and others’ 
motivations, or when misinterpretations of adult practices and atti- 
tudes needed clarification. 


Play Analysis 

It can be seen from the comments on Levy’s procedure that in this 
form of play therapy diagnosis tends to be formulated as the play 
proceeds, the interview being one of the chief diagnostic tools. Some 
therapists, however, object to any dictation of the play by the worker 
as well as direct questioning, believing these may bring about the 
self-exposure of the child more rapidly than he is ready to bear or 
that they may cover rather than disclose the child’s attitudes. These 
workers, accordingly, base their diagnoses chiefly on the following: 
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the subject -s spontaneous verbal and behavioral expressions in his play 
relative to his own and other people's feelings; the sequence of play 
events, especially those leading up to emotional displays, such as the 
beating up of the father doll or the crushing of a baby doll; the 
correlation of reported happenings outside the therapy session with 
what occurs in the session; the characteristics, especially in relation 
to the themes of his play, of the structure and manner of the child’s 
speech as well as of the structure of other products. 

There are several factors which should weigh against an unques- 
tioned acceptance of the diagnosis made. Many interpretations which 
are made “on the spot” in a very rapidly moving drama are highly 
subjective. There is some likelihood of the examiner’s determining 
the child’s associations rather than tapping them, particularly if there 
is direct questioning and if interpretations are given at the time. Also 
there is often a lack of any precise normative framework for describ- 
ing the feelings and attitudes revealed. That a therapist’s theories 
concerning the dynamics of motivation may be strongly determining 
of the interpretations he emphasizes appears likely by virtue of the 
fact that the case material reported by a therapist belonging to a 
particular school usually tends readily to identify his affiliations. 

It is important to appreciate the difficulty of the clinician’s task, 
for w^hereas the experimentalist is trying to demonstrate principles 
and general relations, the clinician is trying to account for the unique 
pattern of the individual’s value structure and reaction tendencies. 
Because no two persons are alike and because judging accurately the 
weight of pressures that are infinite in number is a task only the 
omniscient could perform, even the good clinician does well to sketch 
with some accuracy only a few of the major features and molding 
forces of the personality. He proceeds very tentatively, too, with his 
interpretations until he has a large body of supporting evidence. 


Tests 

Objective tests differ from the projective methods described thus 
far in that the behavior occurring in the standardized situations is 
accepted for its face value. Since it is difficult to control the meaning 
of the test situation for each child, even though the procedure is 
standardized, and what is being measured in social-emotional behavior 
is closely tied up with these meanings, personality tests, other than 
the pencil-and-paper type, have not been very popular. Adequate 
sampling of situations which would reveal how the child tends to act, 
not how he says he reacts, is difficult to achieve. In fact, it is doubt- 
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ful whether, even in the sense in which is it accomplished in intelli- 
gence tests, adequate task sampling in tests of general social-emotional 
traits has ever been approached. 

Two studies, those of Hartshorne and May [34] and of Murphy 
[53] , represent about the peak of ambitiousness in sampling. Murphy 
tried to test the sympathy of young children. She framed eighteen 
situations which she thought would expose the readiness with which 
the child expresses concern for or prevents the discomfort of others. 
The children in one test, for instance, were led singly to quarters 
where a baby was confined in a playpen with his playthings lying out 
of reach outside the pen. It was noted whether the young subjects 
responded spontaneously to help the baby or whether, even after an 
interpretation was given of the infant’s needs and feelings, any help 
was offered. In another test the child was shown a live mouse and 
was asked whether it should be given to a guinea pig to eat. In this 
case one might wonder whether fear or sympathy was responsible for 
what would be the socially approved behavior. 

The susceptibility of the child to sympathy was described by 
Murphy in a number of other ways than in terms of his response to 
standardized tests. Appraisals were made in the form of teachers’ 
ratings and of counts of the instances of sympathetic behavior noted 
in 160 hours of observation of the child in the nursery school. These 
two measures showed considerable agreement, but the results of the 
standardized tests did not'correlate strikingly with either. 


Time Sampling 

It is in the area of social-emotional characteristics of young chil- 
dren that the time sampling methods have been most successful. Like 
the objective test, these methods permit study of the child in action. 
They differ from the test in that the environment in which the 
subject is viewed is not in any strict sense standardized; hence they 
yield no norms useful beyond the situation in which the observations 
took place. 

Green [32], who was interested in the relative pugnaciousness of the 
members of a nursery-school group, tallied her subjects’ quarrels in 
the time samples to which she gave attention. She also computed the 
ratio of the samples in which quarrelling occurred between each two 
classmates to the total opportunities each pair had for quarrelling. 
Caille [12] counted the refusals of her subjects to cooperate; Robinson 
and Conrad [60] counted the samples in which the child was seen 
talking to another; while Parten [55] rated the degree of social par- 
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ticipation implied by the behavior she noted Reliable measures that 
are accurately descriptive of much of the child’s social behavior in the 
environment in which he is studied are obtainable by the time sampling 
method if the procedure is pursued thoroughly. The motivation of 
the behavior, unfortunately, is not necessarily indicated. 


Ratifigs 

Ratings of one sort or other are an integral part of several of the 
methods already described in this section. Although no exposition 
will be given here of rating technique and evaluation, it is felt that the 
reader should be familiar with such systems of ratings as those of 
Conrad [16], Richards and Powell [59], Berne [7], and Champney 
[14]. An effort was made in the first three studies to set up a 
series of scales which would be descriptive of every social-emotional 
trait of any significance for preschool children, whereas Champney 
attempted to cover the attitudes and practices of parents thought to 
have an important bearing on the social development of children. The 
fact that Richards and Powell, after experimenting with descriptive 
systems of varying degrees of elaborateness, ended with 30 traits, 
while Conrad was not content with less than 133, indicates the arbi- 
trary, pragmatic basis for the selection of traits to be evaluated. 

Refinement of description, achieved by increasing both the number 
of traits dealt with and the number of degrees of magnitude discrimi- 
nated in each trait, can go on almost indefinitely. Scales with five 
or fewer steps are, even so, more common than those with more. One 
problem, then, that becomes conspicuous, in addition to that of the 
limits of human discriminative powers, is how parsimoniously the 
raters can characterize the behavior complexes they think important. 
Richards and Powell, by a factor analysis of the intercorrelations 
between their ratings made on a sizable group of nursery-age children, 
found that most of the trait variance was due to three factors. After 
factoring, the investigator has the following questions to decide: (1) 
What is the nature of the common factors? (2) How can each of the 
factors best be measured in the individual? and (3) What is the mag- 
nitude of the uniqueness in each of the traits rated? By uniqueness 
is meant that which the trait involves which is not common to any of 
the other traits. If this uniqueness is of enough interest, it justifies 
the retention of the trait in the battery. 

It must be made clear that the most parsimonious method of por- 
traying social character may not for all purposes be the most useful 
It should also be understood that factoring a table of inter-rating 

657 


correlations may be helpful in other ways than through the simplifica- 
tion of the structure of the rating system it suggests; it may put the 
experimenter on the trail of basic causal forces. Baldwin’s [5] factor 
analysis of ratings of parent attitudes and home atmospheres disclosed 
three major dimensions, tentatively diagnosed as democraticness, 
acceptance of the child, and indulgence. In terms of other things 
known of motivation, these dimensions make sense. 



Sodometric Techniques 

Although the techniques mentioned thus far in this section are 
focussed on individual diagnosis, sociometric methods are trained on 
group diagnosis, i.e., on the feelings of the members of a group toward 
each other. Because the work of Moreno [52], who was a pioneer 
with sociometric techniques, has been reported in Chapters 13 and 22, 
the discussion here wdll be limited to the paired-comparison procedure 
employed by Koch [42, 44, 45]. This investigator studied the class- 
mate preferences of nursery- and school-age children by having every 
child in the class express his preference for one of a pair of classmates 
in every possible pair the class roster provided. Each child, then, in 
a class of 40 -would express 740 preferences — 780 minus the 40 pairs 
in which the judge himself was included. Younger children needed to 
be interviewed to obtain preferences, but children in the sixth grade 
and above at least are capable of giving their judgments by underlining 
the name of the favored classmate in each pair offered in a mimeo- 
graphed or printed list. Koch presented the pairs of names in an order 
determined by a procedure for randomizing. It w^as Koch’s hope to 
avoid position and grouping errors of various sorts. In the nursery 
school, each classmate pair was presented for judgment twice, the order 
of the names in the second presentation being the reverse of that in the 
first. A popularity score was computed for each child by a procedure 
consistent with the law of comparative judgment explained in Chapter 
6. The popularity scores can furnish a scale against which the value 
placed by the group upon various human characteristics — sex, race, 
scholarship, pigmentation characteristics, social class, athletic skill, 
size, etc. — can be estimated. 

By noting the percentage of times, in pairs composed of a boy and a 
girl of given race, the child expresses a preference for the boy, it is 
possible to estimate the strength of the subject’s preference for the 
masculine sex. The same general sort of comparison for pairs in which 
children of the same sex but of different races are involved can be 
used to disclose the social distance between the racial groups in a 
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classroom. Koch’s method is probably more effective for portraying 
groups trends in social distance than for individual diagnosis, unless the 
group is large and the members of the classes compared numerous. 

Although the method is laborious, it supplies a great wealth of detail 
concerning classmate relations. It permits, among other things, the 
determination of the status of each child with the various groups in 
his school class, the value order of each classmate for every child, the 
extent of each pupil’s conformity to his peers in his likes and dislikes, 
the mutualness of liking and disliking among the members of the class, 
and the relation of subgroup leaders to each other. 


EPILOGUE 

The brief survey which the present chapter has furnished of the 
methods in child psychology should suggest the great variety of pro- 
cedural detail which is the contribution of the psychologists who have 
worked with child subjects to the methodology of the science of 
psychology. Child psychology has been no parasite; it has given as 
well as received. The chapter should also have made clear the simi- 
larity in the basic methods employed by psychologists, whether they 
deal with children or adults. 
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Chapter 22 


Studying Social Behavior 

Theodore M. Pfewcomb^ 


The social psychologist, as scientist, sets himself the task of dis- 
covering the conditions under which individual behavior varies in 
response to social stimulation. No matter how complex the form of 
stimulation or how many persons involved, the social psychologist 
proceeds upon the basis of three assumptions : first, that individuals are 
responding to some form of social influence, direct or indirect, from one 
or more other individuals; second, that individuals^ behaviors are not 
a matter of caprice or sheer chance, but correspond to certain condi- 
tions and vary in orderly manner with them; and third, that these 
conditions may be discovered if observations are properly made and 
conclusions properly drawn. Similar discoveries may also be made 
by studying the behavior of groups as wholes, but the social psycholo- 
gist leaves this field of inquiry to sociologists, anthropologists, political 
scientists, and others. He often finds it necessary, however, to borrow 
from them. 

Two obvious problems thus arise immediately. The social psycholo- 
gist must devise means of observing response to social stimulation. 
He must answer the question, ^What did the individual do?’^ in ways 
which can be demonstrated to be accurate and not merely impression- 
istic. Secondly, he must have an equally dependable method of 
knowing what social stimulation was involved. Since it is rarely 
feasible to consider all the possible social stimuli in a given situation, 
one of the best approaches to this second problem is to compare 
responses to two or more situations known to differ in one respect and 
to be alike in as many other respects as possible, as in an experiment. 

There is also a third and less obvious problem. Human behavior, 
above the reflex level, is rarely so simple as to involve an invariable 
response to a given stimulation. Different individuals, or even the 
same one on different occasions, do not necessarily respond alike to 
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conditions which are objectively standard. Certain psychological 
conditions, as well as conditions inherent in the objective situation, 
determine the individuahs response to the situation. In many cases 
the social psychologist cannot discover the orderly conditions under- 
lying behavior without knowing something about these psychological 
conditions, in accordance with which individual response is related to 
social stimulation. As we shall see, these processes, which have to do 
with the “meaning” imposed upon the situation by the individual, are 
ordinarily not directly observable ; they must therefore be inferred, 
but always upon the basis of data which are directly observed. 

In the following pages various investigations are cited to illustrate 
different ways in which these three basic kinds of problems have been 
met, and in this manner we shall survey some of the more representa- 
tive methods of studying social behavior. 


METHODS OF OBSERVING SOCIAL BEHAVIOR 

The individual behaving in response to social stimulation does not 
present the observer with neat little units of behavior, each appro- 
priately labeled. It is the observer who must apply the labels, and the 
manner in which he does so will depend upon the nature of his problem. 
Just as the chemist cannot simultaneously determine the specific 
gravity, the chemical purity, and the electrical resistance of a piece 
of metal but must investigate each problem separately, so must the 
social psychologist select a particular aspect of an individuars behavior 
which he wishes to observe at a given moment. The methodological 
problem with which we are here concerned is this: Quite apart from 
the question of what produced the behavior, what happened^ The 
usual rules of empirical observation apply; in particular, the exact 
processes by which the observations were made must be recorded in 
such manner that they can be communicated to others. Thus it 
becomes possible to repeat the investigation and check the find- 
ings. These and other similar factors of importance are surveyed in 
Chaper .I.;' 


Traits of Social Behavior 

Sometimes, the social psychologist is interested in a given kind of 
social behavior, such as generosity or dominance, considered as a more 
or less persistent trait of personality. Observations concerning such 
traits have meaning only as one individuaks behavior can be compared 
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with that of othei's. Such comparisons can be made either in terms 
of frequency or of degree — or preferably, both. In any case a given 
score, say of generosity, is significant only in terms of norms, i.e., scores 
made by others. It is also necessary to know the basis of selection 
of the others from whose scores the norm is constructed. This factor 
of comparability is of course important in all problems of measurement 
of behavior, and it is discussed in connection with mental tests in 
Chapter 17. 

The short-sample observation technique, as described by Goodenough 
[13] and her associates, is one of the most satisfactory methods of 
determining frequency of a given type of behavior. It gets around 
such difficulties as whether to score a bullying episode of 2 minutes as 
representing twice as much aggression as a 1-minute episode, by the 
device of simply noting whether any aggression at all occurred during 
a brief period of time, say 2 minutes. The individuars aggression 
score is the number of observation periods in which he gets a positive 
score. 

There are many varieties of such observation techniques, but most 
of them make no attempt to interpret the intensity or the significance 
of the behavior. Since, obviously, not all behaviors which can be 
regarded as sympathetic, for example, are equally so, it is common to 
rely upon the ratings of a trained observer who, interpreting the 
behavior in the light of all the relevant circumstances, expresses a judg- 
inent of its intensity. Since it is ordinarily neither feasible nor neces- 
sary to obtain a rating of every observed incident, such ratings are 
commonly obtained at intervals, say of a week, and represent sum- 
marized judgments of all observed behavior during that period. 
Under these conditions it is difficult to be certain that all individuals 
in a group have been under observation for equal amounts of time, 
and there is some evidence that the quieter and more retiring indi- 
viduals may actually be seen less than others by observers. For 
discussions of techniques see Symonds [46, pp. 41-121], Allport [4, 
pp. 435-447], Jones [19, pp. 150-157]. These techniques arc further 
analyzed and discussed in Chapter 21. 

Self-judgments, too, represent a kind of observation tempered by 
judgment; the so-called personality tests best illustrate the use of this 
technique. For example, one of the thirty questions in the ascendance- 
submission inventory of F. H. and G. W. Allport [3] is: “Are you 
embarrassed if you have greeted a stranger whom you have taken 
for an acquaintance?^^ The respondent checks one of the three 
replies: Very Much, Somewhat, Not At All Total score represents 
the respondent’s preponderance of self-judged tendencies to behave 
ascendantly over tendencies to behave submissively, or vice versa, in 
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a series of situations. Although self -judgments are often gravely 
at variance with those of outsiders, the former have their value— pro- 
viding, of course, that respondents are motivated to be sincere. For 
example, a considerable majority of prospective store managers obtain- 
ing “submissive'’ scores on the measure just described turned out not to 
be successful on the job, whereas a large proportion of those making 
“ascendant” scores were successful, as judged by their superiors. 


Response to Specified Forms of Social Influence 

We now reverse our perspective. The previous problem was to 
observe variations in the behavior of single individuals in many situa- 
tions ; we turn now to observing variations among individuals in the 
same situation. The range of methods here is somewhat wider, since 
we are not limited to behaviors which may be thought of as individual 
characteristics. 

Numerous studies of responses to various influences labeled “sugges- 
tion” illustrate the difference between the two kinds of problems. 
Among the freciuently used measures of suggestibility are the follow- 
ing: (1) amount of body sway (as recorded by a kymograph connected 
by a thread to the subject’s clothing, without his knowledge) in 
response to the experimenter’s suggestion that the subject is swaying 
forward [8]; (2) the Binet progressive w’^eights: the subject is pre- 
sented with several weights, one at a time, each heavier than the 
preceding one, and then with several exactly like the heaviest in the 
preceding series; score is number of times the latter weights are judged 
to be heavier than the preceding one [9]; and (3) degree of hand 
rigidity in response to the experimenter’s suggestion: “Hold out your 
hand — see, like mine — and fix your eyes on my hand. . . . While looking 
at my hand all the time, I want you to pay special attention to the 
feelings you get in your own. ... You will probably feel a slight 
tingling or tightening or stiffening in your fingers. . . [6]. Two 

significant findings emerge from such investigations: (1) suggestibility 
in general is not an individual trait; individuals highly suggestible in 
one situation may show little or no suggestibility in others; and (2) 
degree of suggestibility tends to be normally distributed when the 
prestige of the experimenter is not the important influence, but to be 
distributed according to a U-shaped curve when it is the dominant 
influence; most individuals are either strongly influenced or scarcely 
influenced at all by prestige suggestion of this sort. 

An example of a method for studying the degree of conformity 
to institutional influences arises in the analyses of the distribution 
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of individuals^ responses to a given situation, as contrasted to the 
variations of a single individuars responses in many situations. 
F. H. Allport and his students have for some years worked in this 
area [2], For example, in certain regions of a city in which auto- 
mobile parking was limited to 30 minutes, observers recorded the 
actual periods during which about 25,000 cars were left parked [1]. 
In this, as in many other situations involving social pressure toward 
conformity, it was found that, when behavior was charted according 
to degree of non-conformity (beginning with zero, which corresponds 
to complete conformity), the curve did not resemble the familiar 
“normal” distribution. Instead, it took a reversed-J form, somewhat 
resembling the right-hand half of a normal curve. Allport postulates 
several factors which would account for different degrees of conformity, 
as indicated by the distributions of such scaled behaviors in various 
situations. 

Many of the very complex problems of social incentives (competi- 
tion, working alone versus working in groups, etc.) have been studied 
in terms of the most easily measurable behaviors. Thus Dashiell [11] 
used, among other measures, simple multiplication problems in a seines 
of experiments in which individuals worked now alone, now in groups, 
now spurred by rivalry, and now by conspicuous observation. The 
problem was to test the hypothesis that the greater productivity which' 
is characteristic of most individuals when working in the presence of 
others, as compared to working alone, is a result of certain kinds of 
social stimulation, rather than of the mere presence of other people. 
It was found that most, but by no means all, subjects increased in 
speed at the cost of accuracy when observed or when competing; 
different kinds of social stimulation varied in their power to motivate 
or to distract different individuals. (See also page 673 of this chapter.) 
Mailer [32] , comparing effectiveness of group rewards and individual 
rewards in stimulating school children, found simple problems of 
addition to be the most satisfactory measure. Subjects chose to work 
for individual rewards 74 per cent of the time, on the average, pro- 
ducing more under such conditions than when working for a class prize. 
Strongest motivation, however, resulted when “teams” competed 
against each other. Such very simple means are not necessarily the 
best ways of measuring such complex phenomena; our information 
about them would be greater if a wider range of tasks, even though 
not so easily measurable, had been applied. 

That rather intricate methods of observing behavior may be very 
rewarding is suggested in an experiment by Shaw [42], who, like 
Dashiell, had individuals perform similar tasks alone and in groups. 
Shawls problems, however, were extremely difficult, involving a long 
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succession of steps and complicated '^moves'— so hard, in fact, that 
scarcely any of them were solved by individuals working alone, whereas 
in the group situation about half were solved correctly. Shaw had 
a note-taker record every suggestion by every individual in the group 
situation; whether the proposal was accepted or rejected, and by whom, 
was also noted, so that it was possible to reconstruct every step of the 
give-and-take process by which the group finally arrived at a solution. 
This sort of step-by-step recording of individuals' interactions to each 
other leads to conclusions consistent with the findings of other studies, 
but which emerged only from the very detailed observations of Shaw: 
that complex problems of this sort are more effectively solved by 
groups than by individuals, primarily because (1) a wider range of 
ways of looking at the problem is offered, (2) a larger number of solu- 
tions is proposed, and (3) each proposed solution receives more criti- 
cism than an individual, working alone, would be able to make of his 
own proposals. 

Social Attitudes 

An attitude is not a response, but a more or less persistent set to 
respond in a given way to an object or situation. The concept of 
attitude relates the individual to any aspect of his environment which 
has positive or negative value for him. It is not surprising, therefore, 
that social psychologists have spent so much time investigating social 
attitudes, as representing individuals' dynamic relationships to aspects 
of their social environment. 

Systematic observations of attitudes have most commonly been made 
by the use of paper-and-pencil responses of subjects. (For present 
purposes we shall ignore other methods, such as content and symbol 
analysis.) It has been found both desirable and practicable to con- 
ceive of attitude toward any given thing, e.g., the U.N., a ranging 
along a scale, from the extreme of being very favorable to that of 
being very unfavorable, the midpom^ being neutrality. Attitudes, so 
conceived, are subject to measurement, like temperature conceived of 
as above or below any arbitrary zero pom^ There are two major 
problems of measurement: (1) to make sure that each position on the 
scale is correctly placed in relation to other points (just as, on a yard- 
stick, the point registering 8 inches must come between the points 
registering 7 and 9 inches, and not between any other points); and 
(2) to make sure that the intervals between any two adjacent points on 
the scale are equal (just as the distance on the yardstick between the 
points labeled 4 and 5 inches must be the same as that between any 
other two adjacent points). 
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The most successful attempts to make attitude scales as dependable 
as yardsticks are those of Thurstone and his associates [47^ 49]. See 
also Chapter 5. (The serious student is referred to original sources, 
which can be only sketchily summarized here.) Both the major prob- 
lems just mentioned are solved by recourse to a large number of 
judges, each of whom is presented in random order with a series of 
attitude statements, ranging from one extreme to the other, concerning 
a given issue. These statements are sorted by each judge into a 
number of piles (usually 11), according to degree of favorable or 
unfavorable attitude which the statement represents, not according to 
the judge’s agreement or disagreement with it. Statements revealing 
contradictory judgments are discarded as ambiguous. The scale value 
of each remaining statement then becomes the median position assigned 
to it by all judges. Thus (to take an oversimple illustration) , suppose 
statements concerning the U.N. had been sorted by 100 judges into 
11 piles, the most extremely favorable being in the first pile, the most 
extremely unfavorable in the eleventh, and the most nearly neutral in 
the sixth. Suppose the statement, think most of the U.N. policies 
should be continued,” had been put into the second pile by 10 per cent 
of all judges, into the third by 40 per cent, into the fourth by 40 per 
cent, and into the fifth by 10 per cent; its scale value would then be 3.5. 

This iirocedure, known as that of ^^equal-appearing intervals,” results 
in a scries of statements (usually 20 or more) each of whose scale value 
is known. The “true” distance between any two points, i.e., statements, 
is the difference between their scale values, which also determine the 
proper sequence of the statements. Individual score on such an atti- 
tude scale is the mean or median of ail scale values of the statements 
with which the subject expresses agreement. 

All this, of course, is based upon the assumption that the original 
sorting of statements by judges has been done in about the same 
manner that the subject responding to the attitude scale would have 
done it himself. There are bound to be individual differences in such 
judgments, even after discarding the more ambiguous statements. 
Opinions concerning the issue involved, however, do not appear to be 
major determinants of differences in such judgments. Thus Hinckley 
[15], for example, has shown that two groups differing widely in 
attitudes toward Negroes express almost identical judgment con- 
cerning the scale value of statements of attitude toward the Negro. 
Altogether, Thurstone’s procedure represents an immense advance in 
the direction of accurate measurement. 

One of the shortcomings of Thurstone’s scoring method, however, is 
that it does not provide adequately for differences in attitude intensity. 
A person extremely opposed to Russia, for example, would obviously 
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agree with extremely stated anti-Russia statements, but he would also 
be likely to express agreement with some statements less extreme than 
his own position. His score thus becomes “diluted’' with the scale 
values of less extreme statements. 

This shortcoming, together with other considerations, has led Likert . 
[28] to propose a scheme of responding to attitude statements in terms 
of degree of agreement, rather than all-or-none agreement. Likert’s 
subjects respond to all statements in a scale, by checking one of the 
following: Strongly Agree; Agree; Uncertain; Disagree; Strongly Dis- 
agree, Each attitude statement thus becomes a scale within a scale. 
Careful statistical analysis showed that the simple device of scoring 
the foregoing responses 5, 4, 3, 2, and 1, respectively (if the statement 
is favorably worded) or 1, 2, 3, 4, and 5 (if it is unfavorably worded) 
resulted in scores equivalent to those obtained by more elaborate 
statistical devices. Final score is simply the sum of the values (1, 2, 
3, 4, or 5) of each attitude response, so that the possible range of scores 
in a 20-statement scale would be from 20 to 100. Because it allows for 
greater extremes of intensity, the Likert technique has been reported 
to yield somewhat more reliable results than the Thurstone scoring 
system [29]. Although it is not necessary, in using Likert scales, to 
establish the scale values of each attitude statement (since it is not 
used in scoring), confidence in the Likert method is considerably 
increased because it yields results very similar to those obtained with 
Thurstone’s methods. 

The reader interested in the results of applying such measures will 
find a considerable body of evidence concerning social attitudes treated 
as response to situations, e.g., the kinds of experiences which give rise 
to or which modify them, and also concerning social attitudes as indi- 
vidual characteristics, e.g., personality traits associated with various 
attitudes, or with susceptibility to influences likely to modify them. 
See, for example, References 35 (Chapter 13) and 44. Attitude scales 
can be efficiently employed as dependent variables in investigations 
of many types of social behavior. Examples of this usage will be 
found in the following pages. 


CONTROLLING SOCIAL STIMULATION 

As the investigator seeks to discover the conditions under which 
individuals vary in their behavior, he must find ways of controlling 
social stimulation, i.e., knowing as much as possible about what 
influences are and what are not involved. Social stimuli are usually 
rather complex, and the individual commonly finds himself bombarded 
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by many social influences at once. The investigator must have some 
means of knowing to which of these influences he can attribute observed 
changes in behavior. 

Experimental Control 

The most satisfactory, although often the most difficult method of 
controlling social stimulation is experiment, i.e., designed manipulation 
of conditions. The physicist interested in the problem of expansion 
under heat does not wait till he happens to find a given substance at 
various temperatures; he heats it to suit his experimental purposes. 
The social psychologist does the same thing when he can. 

One of the problems most easily subject to experimental control is 
the effect of certain experiences upon social attitudes. For example, 
Thurstone [48] has shown that certain movies dealing with the treat- 
ment of criminals have an effect upon the attitudes of high-school 
children. As shown in Table I (in which low scores indicate attitude 


TABLE I 

i Mean Scores OF Attitude Toward Teeatment OP 

Criminals, before and after Seeing Films 


Films 

Mean Score 

Mean Score 

Mean Score 

Seen 

Before 

After 

Difference 

None (control) 

4.95 

4.98 

4.03 

Film X 

5. 14 

5.13 

-.01 

Film Y 

5.23 

5.27 

4.04 

FilmsX + Y 

5.23 

5.03 

-.20 

Films X 4* 2 

5.14 

4.97 

-.17 

Films Y 4 Z 

5.23 

4.95 

-.28 

Films X 4 Y 4 Z 

5.22 

4.83 

-.39 


of leniency in treating criminals), none of the three films, seen alone, 
has much effect, but any two are more effective than any one, and all 
three produce greater results than any two. Since the amount of 
attitude change varies consistently with the number of films seen, it is 
pretty certain that attitudes were influenced by the social stimulation 
of seeing the films. 

In an experiment by Knower [21] the kind rather than the amount 
of stimulation was controlled. Attitudes toward prohibition (before 
its repeal in 1933) were measured before and after various types of 
appeals concerning the issue. Each of nearly 1000 students, as experi- 
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mental subjects (in addition to 300 as controls) , was subjected to both 
spoken and written appeals of one of the following types: dry logical, 
dry persuasive, wet logical, and wet persuasive. Oral presentation 
proved highly effective to all groups (with individual exceptions, of 
course), and mean scores of all groups subjected to written presenta- 
tion were also significantly influenced, although to a lesser degree. 
There was no consistent superiority, for all groups, of either logical or 
persuasive appeal. Probably more significant is the experimenter’s 
finding that, regardless of direction of initial attitude, i.e., wet or dry, 
least attitude change w^as shown by those whose attitudes were already 
definitely formed, and most by those whose initial attitudes were 
more nearly neutral. In this experiment vre thus see the effects of 
social stimulation as it is controlled for three kinds of conditions: 
medium of presentation, mode of appeal, and previous attitude. 

One of the persistent problems in social psychology has been social 
facilitation^ as in the effect of various forms of social influence upon 
speed and accuracy of work done. Forms of social influence were 
controlled by Dashiell [11] as follows: (1) subjects working in a 
room alone, knowing that others ’were working simultaneously in other 
rooms, starting and stopping work by a buzzer heard by all; (2) in a 
room alone, by individual appointment; (3) seated together about a 
table, wuth instructions not to compete, since scores would never be 
compared; (4) seated together about a table, wdth instructions to 
compete, since scores would be compared; and (5) one individual 
working wdiile conspicuously w^atched by two others. The material 
consisted of multiplication problems, mixed relations test, and free 
serial word associations. Directions were presented at the top of the 
work sheets, and five alternative sets of all materials were used, after 
it was first demonstrated that the five forms were equivalent. The 
subjects were told to wmrk as accurately and as fast as they could. 

By means of the controls described, Dashiell was able to show that 
increased speed (usually at the cost of accuracy) is found not when 
individuals merely work in the presence of others, but rather when 
individuals take a com'petitive attitude toward others. This attitude 
apparently characterized subjects in situation 1 above, since they 
worked faster and less accurately than those in situation 2. These 
results, however, represent group averages, with a significant number 
of individual exceptions. The evidence suggests that some individuals 
were hindered rather than stimulated by the competitive attitude. 
This factor, which is perhaps related to social extroversion, should 
also be controlled in future investigations of this kind. Another kind 
of experimental control is discussed in the section on social climates, 
pages 690-691. 
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Selecfion of Subjects of Different Backgrounds of Experience 

Just as the astronomer cannot create an eclipse^ but must wait till 
it occurs and then go where it can be observed, so the social psycholo- 
gist cannot experimentally manipulate many of the experiences whose 
effects he wishes to study. He therefore selects individuals to whom 
such experiences have happened ^'naturally/’ taking pains to see that 
the individuals compared are as nearly as possible alike in other 
respects. 

Thus Hall [14], wishing to study some consequences of unemploy- 
ment during the 1930’s, compared 300 employed with 300 unemployed 
professional engineers, matched for age, normal earning power, educa- 
tion, state licensing, nativity, and marital status. Four scales were 
employed, measuring attitude toward religion, attitude toward em- 
ployers, ^Tadicalism,^' and ^‘occupational morale.^^ It was found that 
the unemployed had much poorer morale than the employed and were 
much more critical of employers, but did not differ from them in 
radicalism or religion. By comparing various groups of those employed 
(according to financial resources, length of unemployment, etc.) it 
was shown that morale decreases steadily with lessened economic 
security. In this instance it was not possible to compare attitudes of 
the same individuals before and after unemployment, but comparisons 
of those subjected to different experiences with respect to employment 
yield results that seem to be dependable. 

An investigation by Dodd [12] is an example of a method designed 
to test the effects of the various forms of social stimulation associated 
with religious affiliation. ^‘Social distance’^ responses were obtained 
from 170 students of heterogeneous background in a Syrian University, 
representing 15 national and 11 religious groups. Each respondent 
recorded his attitudes towards members of several national, religious, 
economic, and educational groups, on a scale similar to those derived 
by the method of equai-appearing intervals. The actual steps of the 
scale used by Dodd, with the cultural backgrounds of the particular 
students in mind, were as follows: 

1. If I wanted to marry, I would marry one of them. 

2. I would be willing to have as a guest for a meal. 

3. I prefer to have merely as an acquaintance to whom one talks on meeting 
in the street. 

4. I do not enjoy the companionship of these people. 

5. I wish some one would kill all these individuals., 

X. I know nothing about this group ; I cannot express an attitude. 

The method of response was simply to check one of these scale steps 
for each national, religious, or other grouping referred to. The results 
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were analyzed in terms of ''intergronp distance/’ i.e., the scale A^alue 
of the degree of acceptance of a Turk by an Armenian, for example, 
or of a Moslem by a Jew. 

Among several other findings of interest, it turned out that the 
greatest variations in social distance (willingness to accept members 
of other groups) were tliose among religious groups. The investigator 
points out tlie dominance of religious forces in the Near East: resi- 
dences, schools, legal codes, and even political representation are 
likely to be determined by religious affiliation. In short, the dominant 
interests of individuals are directly linked, partially in supposition 
and partly in fact, with their status as members of religious groups. 
In such investigations as this, social influences — whole clusters of 
them, in this instance — are controlled simply by selecting individuals 
wdio have been subjected to them. 


Statistical Controls 

Rather closely related to the preceding technique are various statis- 
tical devices by which one or more forms of social stimulation may 
be held constant wdiile others are allowed to vary. When such methods 
are used, there is no initial selection of subjects on the basis of previous 
social stimulation; in fact, subjects may be selected by purely random 
means, provided they represent an adequate range in regard to the 
kinds of stimulation which it is desired to study. Since such methods 
are in common use in almost every area of psychological investigation, 
only one illustration wfill be presented, to save space for methods more 
uniquely characteristic of social psychology. 

In an investigation of parent-child resemblances in social attitudes 
[40], scores were obtained from approximately 800 ^^children,” ranging 
in age from 14 to 38 years, together with scores from one or both of 
their parents. Fairly consistent correlations were found between 
parents’ and children’s attitudes, regardless of sex, age, religious 
affiliation, or socio-economic status ; the coefficients of correlation were 
in the neighborhood of .6, .5, and .4, respectively, for attitudes toward 
church, Communism, and war. The question then arose as to whether 
children closely resembling their parents in one attitude also resembled 
them in others; was the degree of relationship specific to a single 
attitude, or . inclusive of all three? In order to answer this question, 
one group of families was selected in which parent-child differences in 
attitude toward church w^'as .5 scale points or less ; parent-child correla- 
tions were then calculated for both attitude toward war and attitude 
tow^ard Communism. Similarly, another group of families was selected 
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on the basis of close parent-child resemblance in attitude toward 
Communism, and parent-child correlations calculated for both of the 
other attitudes. The results, as shown in Table 11, indicate only a 


TABLE II 


PaKENT-OHILD COREEIiATIONS IN ATTITUDES TOWARD ChITRCH AND COMMUNISM 



N 

Church 

Com- 

munism 

Group selected to correlate highly 
toward church 

in attitude 

220 

.96 

.62 

Group selected to correlate highly 
toward Communism 

in attitude 

227 

.74 

.93 

All cases, unseleeted 

1090 

.63 

.56 


slight tendency for children resembling parents closely in either atti- 
tude to resemble them in the other attitude more closely than do 
imselected cases (.74 as compared to .63, and .62 as compared to .56). 
The procedure here is that of controlling parental influence, as indi- 
cated by one variable, on the basis of a statistical criterion, while not 
controlling the other variable of individual diflerences. 


Cultural Comparisons 

Almost all the evidence so far submitted has been obtained from 
American subjects. To an unknown degree, the findings are therefore 
influenced by such cultural conditions as are peculiar to America; it 
would be totally unjustified to assume that the same findings would 
apply to all human beings everywhere. 

Mead [33], impressed by such considerations, sought to compare 
in two contrasting cultures, American and Samoan, the conditions 
which appear to be related to the well-known phenomenon (in 
America) of adolescent storm and stress. To the extent that the 
phenomenon is a function of biological changes, it should appear 
among all human societies, regardless of cultural variations* To the 
extent that it is a function of the cultural variations, it should vary 
with them. The Samoan society was chosen because of certain indi- 
cations that cultural circumstances apparently related to adolescent 
difficulties in America were not present in Samoan culture. 

The major aspects of Samoan culture were ascertained by more or 
less standard ethnological procedures, especially through interviews 
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(in the language of the natives) with selected informants, checked by 
other informants and by observation under varying conditions. For 
each household in three selected villages data were compiled concerning 
rank, wmalth, relationship to other households, etc., together with a 
wide range of information concerning each individual in each village. 
For the specific study of adolescent behavior, ail the girls between 9 
and 20 years of age in the three villages were subjects. To these 68 
girls were applied the methods of the clinician and the social wmrker: 
standardized (but informal) interview's were held, simple tests admin- 
istered, and check lists concerning individual experiences and attitudes 
filled out by the investigator. The study may thus be said to be 
‘^scientific” in the sense that a hypothesis was checked by means of 
reasonably objective information concerning a known sample of the 
population, but not in the sense that all equally competent observers 
wmuld necessarily have drawn the same conclusions from the data. 

Mead has more recently presented [33] a comprehensive statement 
of objective means of recording The behavior of children. The inter- 
ested reader will find many suggestions by means of which be- 
haviors can be recorded wuth a minimum of subjective interpretation. 

Mead’s findings may be considered definitive in one respect: since 
adolescent storm and stress is much less frequent and less intense in 
Samoa, it must be to a considerable extent a function of culture 
(biological factors being assumed to be the same in both societies). 
x\s to the particular influences involved, her conclusions are more 
tentative, since it 'was not possible to isolate the many simultaneous 
influences wuth respect to which the two cultures differ. She points, 
however, to the followdng: Samoan children’s careers are to a very 
large extent cut out for them, so that they have few weighty choices to 
make as they approach maturity; Samoan family arrangements are 
such that children develop very little emotional dependence upon any 
particular adults; and there is little social pressure for Samoans of 
any age to inhibit any expression of interest in sex, although there are, 
of course, approved and disapproved ways of expressing such an 
interest. 

Within a society as complex as our own there exist, in effect, various 
subcultures, and contrasts among them may be quite as illuminating 
as those among totally different cultures. Thus Davis and his asso- 
ciates [10] have carefully observed the customs, particularly mill 
regard to child training, shared by members of different social and 
economic groups of Negroes in America. 

The several classes were distinguished according to methods origi- 
nally devised by Warner [50]. Individuals are interviewed as to who 
their actual associates arc, and these self-reports are supplemented 


by observations concerning visiting in each other’s homes, membership 
in clubs and other groups, etc. The basic assumption is that indi- 
viduals who associate freely together belong to the same class. The 
relative positions of the several classes are determined by direct ques- 
tioning of individuals at all levels concerning the position of them- 
selves and their associates relative to other groups recognized by 
them. It is asserted that ‘^the members of ail classes agree upon 
the relative status of each class.” Behavior and attitudinal differences 
are ascertained by the systematic interviewing of both parents and 
children concerning themselves, other members of their families, their 
friends, and their associates. 

By these means the investigators found, first, such strikingly dif- 
ferent patterns of behavior as the following: middle-class Negroes, 
as compared with those of the lower class, are much more restrained 
in physical aggression, strongly disapprove of extramarital sex rela- 
tions, take their church membership very seriously, and spend much 
more time with their children, in whom they attempt to create attitudes 
of restraint and inhibition, rather than controlling them by force, 
threats of beating, etc. Secondly (and more significantly for theo- 
retical purposes), they show that these subcultural differences, which 
have obvious effects upon the developing personalities of children, are 
perpetuated by the social barriers between the two groups. Lower- 
class Negroes simply cannot acquire middle-class behavior, because 
they are excluded from intimate companionship with them, and middle- 
class Negro children are never allowed to lose sight of the awful fate 
in store for them if they allow themselves to descend to lower-class 
ways. 

Such attempts to control cultural factors, while far less exact than 
those which are possible by experimental or statistical methods, are 
necessary supplements to these methods. It cannot be too strongly 
emphasized, in fact, that social psychological findings wUhm sl culture 
can be fully understood only in the light of comparable findings outside 
that culture. 


RELATING INDIVIDUAL RESPONSE TO SOCIAL STIMULATION 

Comparatively few social psychological problems can be solved 
simply by accurate observation of response to controlled stimulation. 
Solutions attempted by such means rarely go further than a distribu- 
tion curve, i.e., a statement of what proportions of groups selected in 
a given manner make various degrees of response to the same stimula- 
tion, or to comparable stimulations. We are faced with the same 
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limitation even in the attempt to account for the behavior of a single 
individual: at best, the investigator may conclude that individual 
confronted with social stimulation Y, shows a characteristic range, or 
distribution, of response, with greater frequency at some points vs'ithin 
the range than at others. 

Such limitations result principally from the fact that almost any 
social situation has many possible “meanings/^ either for the same 
individual or for different ones. For present purposes we shall define 
meaning simply as the manner in which the individual relates the 
situation to the direction of his own behavior. The notion of behavior 
direction implies selectivity on the part of the responding individual, 
both in his overt behavior and in his perceiving of the situation. Three 
aspects of behavior are thus interdependent: the goal toward which it 
is directed, the way in which the situation is seen to be related to the 
goal, and what the individual does about it. Any one of the three may 
determine both of the others'. Thus, a pre-existing goal direction may 
determine both manner of perceiving and overt behavior; a particular 
manner of perceiving a situation (perhaps fixed by habit) may set a 
goal direction and initiate a course of action; or a given course of 
action, once begun, may reinforce or modify a goal direction with its 
corresponding manner of perceiving. In any case, these aspects of 
behavior, together with others, e.g., affective and cognitive, function 
together, pattern-wise, more or less harmoniously. For want of a 
better term, we shall refer to this over-all directionality of behavior at 
any given moment as a motive 'pattern. 

This little essay on theory has been inserted into a treatise on 
method for two reasons: (1) no method is ever better than the theory 
upon which it is based; and (2) the more significant recent develop- 
ments in social psychology, in the writer^s judgment, have taken 
account of the fact that social stimulation affects behavior only as it 
influences a total motive pattern. The remaining pages will detail 
some of the conditions under which it is and is not necessary to deal 
with such problems, and some of the ways in which investigators have 
sought to meet them. 


Sharply Defined and Weakly Defined Situations 

In certain situations the manner in which social stimulation 
influences a motive pattern does not constitute a problem, because the 
possibilities are narrowly limited. Thus Landis [23], in studying 
facial expressions under strong emotion, presented his laboratory 
subjects with intense, well-defined stimulation, such as a strong electric 
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shock or a live rat whose head was to be cut off with a dull knife. He 
found that, although certain individuals tended to favor certain 
muscle patterns and to neglect others, there were no standard patterns 
of facial expression on the part of all subjects which distinguished 
between one kind of emotional situation and another. Such a finding 
may be interpreted without further investigation of the nature of the 
individual motive patterns involved; it seems safe to assume that 
they were pretty standard, for all subjects. A more detailed 
description of Landis^ important investigation has been presented in 
Chapter 13. 

Some of Landis’ situations involved little or no stimulation of a 
clearly social nature, but social stimulation may also be quite sharply 
defined. It is not necessary, for example, to inquire into the nature 
of the motive patterns involved in an intense panic situation, e.g., a 
crowd trapped by a fire from which there is no escape. Perhaps the 
nearest approximation to such a situation wdricli has actually been 
investigated is Laird’s study of ^h^azzing” [22]. He arranged with 
the members of a fraternity to submit each fraternity pledge, one at a 
time, to a series of intensely humiliating experiences while performing 
certain motor tests (success in which was assumed by the pledges to 
be a condition of acceptance) ; each pledge thought himself to be the 
only one subjected to such razzing. In most tests the subjects per- 
formed less well than under control conditions. Here again, unless one 
is interested in making an intensive study of the individual subjects, it 
seems unnecessary to investigate individual motive patterns; for other 
purposes, the meaning of the stimulation may be assumed to be more 
or less standard. 

Most kinds of social stimulation, however, provide many possi- 
bilities with respect to meaning. Hence methods of holding the 
stimulation objectively constant, no matter how accurate and rigorous, 
do not insure that individual motive patterns will be standard. The 
work of Razran [41] shows how such factors may become involved 
even in a ^^classical” laboratory experiment on salivary conditioning. 
He succeeded in obtaining a conditioned salivary flow to such stimuli 
as the beat of a metronome on the part of many of his human subjects. 
Careful analysis of his results, however, showed three distinct patterns 
of conditioning response: (1) the “normal” one, like that of Pavlov’s 
dogs, (2) complete failure to establish the conditioned salivation, and 
(3) “reverse” conditioning, i,e., a smaller rather than a larger flow of 
saliva after the signal indicating food. The distinguishing factor 
turned out to be attitude toward the experimenter. Specifically, both 
the first and third groups sensed what the experimenter was up to ; for 
various reasons the first group of subjects was motivated to “go along” 
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with him, whereas the third group developed an attitude of resistance. 
Thus potent may social stimulation become even in laboratory 
situations^ which have not commonly been thought of as involving 
social stimulation. 

Failure to take such considerations into account may lead to doubt- 
ful interpretations of investigations otherwise well planned. Many 
investigatorSj for example, have somewhat naively obtained attitude 
measurements before submitting their subjects to some experience 
designed to modify the attitudes ; when the attitude measurements are 
repeated after the experience, it is sometimes assumed that the observed 
change in attitude scores is a straightforward consequence of the 
experience. Startling examples of attitude shift have thus been 
reported as a result of a unit of school instruction. No matter how 
well controlled the objective stimulation, in such experiments, the 
suspicion remains that it is the subject's attitude toward the school or 
toward the instructor which may have set the dominant motive pat- 
terns, and thus determined the results. 

Some of the more promising methods by which investigators have 
sought to observe or to infer the w-ays in which social stimulation is 
incorporated into motive patterns are noted below. 


Projective Devices 

All “projective” devices for investigating personality have in common 
the basic procedure of presenting the subject not with a situation 
already defined, to which he must simply make a choice among pre- 
scribed responses, but wuth a situation which he must define for him- 
self. It is assumed that the manner in which he does so will determine 
his response. The reader is referred to Chapters 18 and 21 for more 
detailed description of these methods and is invited to note the 
frequency with which they involve social stimulation. 


Frame of Reference Techniques 

One of the reasons why a situation may have various meanings is 
that it may be judged by different standards. Sherif [43] has neatly 
demonstrated how social influences may operate to build up such 
standards. He made experimental use of the autokinetic phenomenon; 
i.e., a stationary pinpoint of light, if shown at an unknown distance 
in a completely dark room, is seen by all subjects to move. Since there 
are no objective standards in terms of which to judge the amount of 
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perceived movement, subjects tend to build up standards or norms of 
their own, with repeated experience. Some of the subjects, working 
alone, made 100 successive judgments of the amount of perceived 
movement; by this time, each had established a characteristic range, 
e.g., 1 to 3 inches, or 8 to 10 inches. Other subjects went through the 
same procedure, working in small groups, each of which, similarly, 
established its own characteristic range, accepted by all members of 
the group. Conditions were then reversed: those who had first worked 
alone now wmrking in groups, and vice versa. The significant finding 
was that norms established in the group situation persisted in the 
alone situation, but norms established alone were modified in the group 
situation, so that all members of the group came to make their judg- 
ments wdthin the same range, regardless of what their previous, indi- 
vidually established norms had been. We have thus a demonstration 
of social influence at work in creating standards by wdiich individuals 
judge weakly defined situations. 

Some of Lewis^ studies in political attitudes illustrate how suggestion 
operates, not as mere blind submission, but rather (when it operates 
at all) by w^ay of shifting the standards by which judgments are made. 
In one study [27] she chose political slogans, e.g., ^‘No peace wdthout 
honor!” deliberately taken out of context, in order to study the contexts 
into wdrich subjects placed them. Students whose political preferences 
were known were presented with rank order evaluations of these 
slogans, ostensibly by persons of prestige in their eyes, e.g., President 
Roosevelt for ^diberals,” or Browder for Communists. The stated 
order of preference, as presented to certain groups, was such that the 
alleged source of the evaluation was most improbable, and such that 
the subjects themselves would be certain to disagree wdth. For 
example, Republicans were told that ex-President Hoover had ranked 
very highly the slogan: ^^Workers of the World, unite!” Subjects w^ere 
then asked to rank the slogans in order of approval. Later, in inter- 
views, they were queried at some length as to the meaning of their 
responses. 

In spite of the prestige of the stated authors of the evaluations, 
most subjects clung to their own opinions, although generally they 
accepted the authenticity of the evaluations presented, as indicated in 
interviews held later. In those cases where subjects changed their 
evaluations to agree with those of the admired figure, e.g., Roosevelt, 
reasons were elicited in interviews. For example, a Communist sub- 
ject changed her formerly low evaluation of “No peace wdthout honor!” 
to agree with the high evaluation attributed to Mr. Browder, explain- 
ing, “People are beginning to feel that way since Munich” (the Munich 
agreement, regarded by Communists as a conspiracy against Russia, 
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had taken place only 2 months earlier) . She had never thought of the 
phrase in this context before. The investigator gives abundant evi- 
dence for her conclusion: “If the suggestion . . . can cause a shifting 
of the particular opinion from one context to another, cause a reorgani- 
zation of the subject’s understanding . . . and if the new pattern thus 
created seems at least as clear and correct as the old, then a hdiange 
of opinion’ may take place, or rather a new opinion may evolve.” 

Methodologically, the important points here are: (1) the investi- 
gator should not be content with the mere conclusion that a majority 
of the subjects do or do not change opinions under a given influence; 
he must also explain the exceptions; and (2) only by careful attempts 
(in this instance by interview methods) to ascertain the meaning of the 
stimulation to the subject is it possible to discover why the same 
stimulation produces different effects upon different subjects. 

Hyman [17], in a study of “subjective status” (defined as a person’s 
conception of his own position relative to other individuals), has inves- 
tigated the influence of varying frames of reference. He discovered, 
in preliminary interviews, that judgments of own status varied accord- 
ing to the reference group and according to the specific kind (or 
dimension) of status, in terms of which the judgment had been made. 
His experimental subjects ^vere therefore asked to judge their own 
status in terms of 3 reference groups (total adult population in the 
United States, friends and acquaintances, own occupational group) and 
6 dimensions (general, economic, intellectual, cultural, and social status, 
plus physical attractiveness) . For this purpose 18 pairs of graphic rat- 
ing scales w'ere employed, 1 pair for each of 6 dimensions with reference 
to each of three groups. On 1 of each pair the subject indicated the 
percentage of the particular reference group whom he considered 
“higher” than himself in regard, e.g., to cultural status, and on the other 
the percentage of the same group considered “lower” with respect to 
the same kind of status. Each of the 18 indices of status was computed 
as the percentage of the reference group lower in the given status, plus 
half the percentage of that reference group in the same status. 

The significant methodological contribution here is the obtaining 
of independent judgments under systematically varied frames of 
reference. By such procedures Hyman found that subjective status 
was altered considerably, for each kind of status, by shifts of refer- 
ence groups; e.g., an individual might have high intellectual status in 
terms of the total American population, but low intellectual status 
in terms of his occupational group. Some subjects characteristically 
made use of one reference group, some of another; whereas others used 
more than one (as indicated in interview responses). Some subjects 
rarely or never thought in terms of some one specific status, whereas 
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others were very important to them. As a further step in the experi- 
ment, subjects were therefore asked to rank the five specific kinds of 
status in order of importance to them; ^^general” status turned out to 
be a composite of specific statuses, particularly influenced by the most 
valued kinds of statuses. Interviews further demonstrated that these 
various subjective statuses had much to do with feelings of insecurity, 
with ego needs, with areas of striving, etc. 

Such evidence as this, although it does not include overt behaviors, 
gives strong support to a hypothesis such as the following: there are 
many situations which inevitably involve judgments of own position 
relative to that of others; under such conditions social behavior will 
vary with the frame of reference in terms of which own status is per- 
ceived, which in turn determines the meaning which the situation has 
for the individual. 


Intensive Individual Studies 

It is a reasonable hypothesis, in view of all these considerations, 
that the persistence of traits and stability of personality organization, 
so often observed as characteristic of the individual, may be traced 
to persistent motive patterns in terms of which social situations are 
given meaning. Nothing short of prolonged and intensive studies of 
individuals in a wide variety of situations can serve to check such an 
hypothesis. The most ambitious attempt, so far, has been that of 
Murray [37] , who relied heavily upon projective devices, supplemented 
by a wide range of other techniques, for observing and appraising 
individual personality. 

In a more recent study, Murray and Morgan [38] have adapted 
similar methods to the investigation of individual sentiments or atti- 
tudes. Their various procedures have in common two characteristics 
not common to most methods of attitude measurement: (1) they are 
designed to circumvent ^Tactors . . . which can interfere with the 
true avowal of a sentiment,’^ such as variable understandings of the 
experimental situation, personal attitudes toward the investigator, 
and irrelevant motivations of the subject, and (2) they are designed 
to tap the dynamic aspects of attitudes, as related to other phases 
of personality. 

This detailed, clinical study of the attitudes of 11 college men 
included 63 “foci of sentiments/- or objects toward which attitudes 
are held ; most of them had to do with war, religion, parents, and sex. 
The following methods are typical: (1) aphorisms test: the subject 
sorts out cards, on each of which is printed an aphorism relevant to 
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one of the attitudes being studied, and indicates his degree of accept- 
ance or rejection of it by placing the card in an appropriately labeled 
box; this procedure has “more of the quality of a definite commitment 
than making a pencil check on a sheet of paper”; (2) sentiments 
examination: the examiner reads off a list of words, to each of which 
the subject responds “by giving the most descriptive adjective he can 
think of,” having been led to believe that his vocabulary is being 
tested; score is ratio of “appreciative” to “depreciative” adjectives; 
(3) argument^ cojnpletion test: subjects are asked to “continue and 
finish” printed versions of interrupted arguments between two young 
men; subjects, who are led to believe that their powers of argumenta- 
tion are being tested, usually make their own opinions clear, but if 
the examiner is in doubt he simply asks with which contestant the 
subject more nearly agrees. 

It is not certain that such methods always yield quantitative 
scores of adequate reliability, but it seems quite clear that they are 
an improvement over other methods in respect to validity. Their 
chief virtue is that of getting at spontaneous expressions of attitude, 
as distinguished from forcing the subject to choose among prescribed 
alternatives. 

Another study showing the necessity of this kind of approach is 
that of Murphy [36] on sympathy in young children. By means of 
ratings and objective observations, both in free playground situations 
and under controlled conditions, she established reliable measures of 
sympathetic behavior, showfing that some children were very rarely 
sympathetic, others very frequently so. All children, how^ever, were 
somewhat variable, in ways w^hich did not correspond to objective 
situational changes. Such factors as the following, how^'ever, explained 
many of the apparent inconsistencies: One child, normally high in 
sympathy, abandoned such behavior when he felt that his position 
in the group was threatened. Another, normally not very sympathetic, 
became much more so when he felt insecure in the group. Obviously 
these two children had incorporated sympathetic behavior into quite 
different motive patterns; for the first, it was a more or less habitual 
and spontaneous way of expressing himself in social relations, whereas 
for the second it was a way of re-establishing his threatened security. 
Such an interpretation provides a key for understanding what would 
otherwfise be incomprehensible inconsistency. Professor Koch has 
given a detailed description (page 656) of some of the other important 
aspects of Murphy’s work on sympathy in children. 

In an investigation of changes in political-economic attitudes of 
students, Newcomb [39] found it necessary to rely upon similar inter- 
pretations. In a small college community where the dominant atti- 
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tudes were “liberal,’’ although freshmen were characteristically very 
“conservative,” nearly all prominent and popular students "were con- 
spicuously liberal, and nearly all who had attitudes of antagonism 
toward the college, or wdio were indifferent to college activities, were 
markedly conservative. Political attitudes, however, were not simply 
a matter of being assimilated into the college community in general, 
since some active and popular students remained conservative, and 
some who remained aloof developed liberal political attitudes. It 
became necessary to inquire into the manner in which students 
visualized their own relations to the college community. 

Several methods w^ere used in pursuing this inquiry. First, ques- 
tionnaire responses were obtained, indicating quantitatively how 
students believed their own attitudes compared with those of fresh- 
men, seniors, and faculty; these assumed attitude differences w^ere 
compared with actual, obtained differences in attitude scores. (Two 
students whose attitude scores w^ere identical might attach quite 
different meanings to them. For example, one conservative senior 
might consider her attitudes typical for her class, whereas another 
might be fully aw^'are of her conservatism.) Second, a “guess who” 
technique of ascertaining community reputation wms employed. 
Names w^ere filled in by a cross-section panel of students in answer to 
such questions as the following: “What three students are most (least) 
absorbed in college community affairs? Most critical of student 
committees? Most anxious to be left alone to follow individual 
pursuits? Most resistant to community expectations?” Reputation 
scores w^ere computed from these responses. Third, semistandardized 
interviews were held with each senior, in which she was encouraged 
to talk frankly and spontaneously, without being asked pointed ques- 
tions, about such matters as the following: “In what respects have 
you changed most since coming to college? How about attitudes 
toward public issues? How do your present attitudes compare with 
those of other seniors? With those of student leaders? Have you 
felt that there is social pressure to liberalized your attitudes?” Inter- 
view responses were not quantified, but classified into broad groups. 

By these and other means it was discovered that some extreme 
conservatives, disappointed in their hopes for positions of college 
leadership, w^ere consciously rebelling against what they recognized 
as social pressure toward liberalism. Other conservatives, having no 
such hopes, led such restricted lives that they believed their own con- 
servatism typical of the entire community. Some extreme liberals 
w^ere trying to conform, whereas others felt their owm extreme attitudes 
to be a mark of intellectual superiority. The psychological processes 
by which such individuals adapted to the same community thus varied 
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with the manner in which they fitted the social stimulation into their 
own motive patterns. 

The methods by which such findings are arrived at are not simple. 
In Newcomb’s investigation they included responses to attitude scales, 
personality ratings, individual case studies, controlled interviews, and 
objectively scored self-judgment of own relationship to the community. 
The method might be summarized as follow^s: comparable social 
stimulation for all subjects, together with objective records of behavior 
plus every possible approach, both objective and interpretative (pro- 
viding only that all approaches are equivalent for all subjects), to 
the problem of how the social stimulation is seen by the subject to be 
related to his own motives. Findings obtained by such methods have 
significance beyond that for single individuals. Granting that, in the 
last analysis, each individual is unique, it will usually be found that 
many individuals reveal essentially similar patterns. For the pur- 
poses of any given problem, in other wmrds, a limited number of 
patterns may be expected. There seems to be no substitute, however, 
for the method of intensive individual study in order to discover what 
the patterns are. 

Psychiatric methods of studying individuals — methods chiefly inter- 
pretative rather than objective — ^must be mentioned in passing. 
Sullivan [45], for example, defines psychiatry as the study of inter- 
personal relations ; the psychiatrist’s diagnostic task thus becomes the 
discovering of the patterns in terms of w^hich his patient perceives his 
own social relations. Homey [16] has more recently described the 
“basic conflict” of the neurotic in terms of “the fundamentally contra- 
dictory attitudes he had acquired toward other persons” — specifically, 
unsolved conflicts among patterns of “moving toward,^’ “moving 
against,” and “moving aw^ay from” people. Such contributions, 
although they must be accepted by the social psychologist as hypothe- 
ses rather than final conclusions, provide a supplementary source of 
data which are altogether congruent with other findings here reported. 

Methods of analyzing “personal documents,” such as letters, diaries, 
and autobiographies, have been summarized and evaluated by Allport 
[5]. One of the most promising techniques is symbol analysis, as 
outlined by White [51]. His basic assumption is similar to that 
which underlies all “projective” methods: “There is always a tend- 
ency for a person to think about what is related to his own needs or 
values, and to perceive his world in terms of those values.” By 
White’s method any free verbal expression, e.g., a speech, a thera- 
peutic interview, or a diary, can be quantitatively analyzed in terms 
of values and agents (or objects) to which it is related. Having 
found that a comparatively few words serve to represent practically 
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all the value judgments tliat are commonly put into words in our 
culture, White simply notes in the margin of the written material a 
standard symbol for the value referred to, together with another 
symbol for the object to which the value refers. For example, a 
sentence in w^hich a writer states that he has little trust in Russians 
is summarized by three symbols: one for the value of truthfulness, 
one to indicate that the value is expressed negatively, and one for 
Russians. By counting and comparing the frequencies of different 
values thus expressed, it is possible to draw significant conclusions 
concerning meanings which many kinds of situations have for the 
individual under scrutiny. Systematic notation and classification of 
the writer’s use of value-laden words lead to significant conclusions 
concerning the stimulus value which various persons and situations 
have for him. 


Sodometric Devices 

Group membership obviously provides an important source of social 
stimulation, but the same group may have widely different meanings 
to its component individuals. Moreno and his associates [34] proceed 
from the assumption that the nature of group influence is in large 
part determined by person-to-person relations within the group. The 
latter are ascertained by the simple device of asking group members 
to make spontaneous choices as to preferred and rejected individuals 
for specific purposes, e.g., living companions or team leaders. (There 
is reason to suppose that such choices have more validity if it is knowm 
that they wall be acted upon, e.g., that one will actually be assigned 
to live with the chosen companion, but experimental evidence is lack- 
ing on this point.)’ The network of choices and rejections can thus 
be charted, either for the total group or for any given member. The 
meaning of the group for the individual can thus be understood in 
terms, for instance, of his total range of acquaintance, or of his own 
desirability, as viewed by others, in contrast wdth his desires for 
companionship with others. A description of the instructions and the 
diagrammed results of some of Moreno’s work are given on pages 
371-374.; 

A sociometric study by Jennings [18] has thrown some light on the 
social psychology of leadership. Using as subjects the members of a 
large industrial school for girls, she showed that girls chosen as leaders 
have widely divergent personality traits. A leader, in fact, cannot 
be defined in terms of the possession of certain traits, but only in 
terms of those various capacities of sharing and participating in the 
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particular forms of interpersonal relations felt to be needed by 
members of the specific groups involved. 

Group Influences on Individual Motive Patterns 

Several recent investigations concerning changes of habits, or 
^h’e-education,” have not only demonstrated that experimental pro- 
cedures can be applied to real social situations, but have also thrown 
new light on the significant psychological processes involved in such 
changes. Thus Lewin [24], called upon to ascertain the conditions 
under which people were whiling to change certain food habits, com- 
pared the effects of two procedures. It wms found that response to 
formal lectures, replete with evidence, w-as slight. When groups were 
presented wdth the problem of using non-preferred foods, however, 
‘‘group decision’’ after free discussion led to a determination by many 
individuals to try the new foods. Follow-up observations showed 
that in a large number of cases these decisions were actually carried 
out. 

In a report of several similar investigations [25], the following are 
representative: (1) Key officials in a garment factory could not be 
shaken from their conviction that older wmmen were inferior to 
younger ones at skilled jobs, in spite of overwhelming evidence to the 
contrary. Only after discussions among groups of leaders and sub- 
leaders wms it decided to try the experiment of introducing more older 
workers; the experiment proved a conspicuous success, and the preju- 
dices against them disappeared. (2) Confirmed alcoholics, whose 
individual attempts to “reform’^ have repeatedly failed, find that the 
craving actually disappears after membership in a group of other 
alcoholics, organized for the express purpose of supporting each other 
in their attempts to lead a satisfying life without alcohol, is estab- 
lished. See also Reference 7. From this and other similar evi- 
dence Lewdn and Grabbe concluded that one of the outstanding 
means for producing acceptance of re-education is the establishment 
of a group in which the members have a feeling of belongingness. 
Under such conditions the individual seems to accept the new system 
of values and beliefs by accepting belongingness to the group, and 
this factor appears to be basic for re-education, in that the linkage 
between acceptance of the new facts or values and acceptance of 
certain groups or roles is a very intimate one. 

An Experiment on Group Influences 

In one of the most ambitious of recent social psycholo^cal experi- 
ments, Lewin [26] and Lippitt and White [30, 31] arranged to have 
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several boys’ clubs conducted under such conditions as to result in 
“social climates” labeled democratic, authoritarian, or laissez-faire. 
The problem was to determine variations in the behavior of the mem- 
bers of groups whose activities were systematically varied through 
different techniques of leadership. The experiment’ illustrates all 
three of the aspects of methodology wuth which this chapter has dealt. 

1. Control of social stimulation. The several groups were equated 
as to intellectual, physical, and personality traits, including patterns 
of interpersonal relationship, as indicated by sociometric means. Indi- 
vidual personality factors were further controlled by subjecting each 
group to two or more sets of experimental conditions. Factors of 
leader personality w^ere controlled by rotating the leaders among the 
different groups. Types of leader control, the major experimental 
variable, are summarized as follows: 


Authoritarian 

Democratic 

Laissez-faire 

Policy determined by 
leader. 

Policy determined by group 
discussion, with assistance of 
leader. 

Policy left free for in- 
dividual or group de- 
cision; little leader 
participation. 

Activities and techniques 
dictated by leader, one 
step at a time. 

- General procedures outlined by 
leader in advance, thus giv- 
ing perspective. Various al- 
ternatives presented, when 
technical advice needed. 

No help from leader, 
except to supply ma- 
terials and to sup- 
ply information when 
asked. 

Work task and work com- 
panion of each boy 
dictated by leader. 

Division of tasks determined 
by group; boys chose own 
work companions. 

No participation by 
leader in assignment 
of work tasks or com- 
panions. 

Leader “personal” in 
praise and criticism; re- 
mained aloof from par- 
ticipation except when 
demonstrating proce- 
dures. 

Leader “objective, fact- 

minded” in praise and criti-' 
cism; acted as participant 
group member. 

No attempt by leader 
to appraise or regulate 
events; no comment 
on member activities 
unless questioned. 


2. Observing social behavior. Observers, trained in preliminary 
experiments, made paper-and'-pencil records of the following nature, 
five or more observers being assigned to each group of five boys: 
social interactions, in terms of frequency of directive, compliant, 
objective, resistant, and other types of behavior directed toward 
others; group structure, in terms of activity subgroupings, statements 
of nature and goal of activity, identity of the initiator of the activity, 
ratings of degree of group unity; conversation, recorded verbatim and 
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ill entirety by stenographers; interpretations ^ including descriptions of 
incidents and notes on changes in tempo of activities, excitement, 
boredom, etc. It was found more satisfactory to assign each observer 
to a single type of behavior for all subjects, rather than to assign 
him to confine his observations to a single boy. All records by all 
observers ivere synchronized at 1 -minute intervals, so that they could 
later be fitted together ivithout error. Afterward these records were 
coded for various categories of behavior relevant to the hypotheses 
of the study; the reliability of the coding process proved satisfactory, 

3. Relating individual response to social stimulation. This aspect 
of methodology has to do with the theory in terms of which experi- 
mental manipulations and behavior observations are made. Both 
must be such as to confirm or disprove hypotheses concerning motive 
patterns as intervening variables relating stimulation to response. In 
the present study one hypothesis was that adult controls tend to 
create egocentric rather than group- centered motive patterns. Hence 
the experiment was so planned that the following observations could 
be made. 

In the autocratic groups, as compared wfith the others, there was 
a lower ratio of frequency of use of the word to that of the word 
a higher ratio of hostile to friendly behavior, more ^h^estrictive” 
behavior by the leader, less casual sociability and spontaneous con- 
versation among boys, more submissive behavior toward the leader, 
more competitive and more aggressive behavior towmrd other boys. 
(Quantitative evidence is presented for all these findings,) In the 
authoritarian groups, moreover, the proportion of time spent in ^^serious 
work^' dropped sharply when the leader left the room, whereas it 
dropped scarcely at all wdien the democratic leader left. In the demo- 
cratic groups, as compared wfith the others, there w^ere markedly fewer 
expressions of discontent; there w’’as more carefulness in wmrk, a larger 
number of creative suggestions, and more pride in products of group 
effort. These and other findings serve to confirm the initial hypothe- 
sis. The methodology begins wfith the theoretical plan, wfiiich dictates 
the manner in wfiiich stimulation is controlled and behavior observed. 
In the actual planning of any investigation, this methodological step 
should be the first, not the last. 

Such an experiment is valuable not only because it tells us that 
different individual behaviors result in predictable ways from varying 
leadership procedures, but also because it tells us a good deal about 
why. It could not have told us why, however, if controlled stimula- 
tion and accurate observation had not been so planned as to test a set 
of hypotheses concerning what happens between stimulation and 
response. 
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Such studies have little significance for methodolog};^ in the narrower 
sense, but have much to contribute to a wider understanding of method. 
No amount of methodological exactness or ingenuity will suffice if the 
problems wdiich the methods are a means of solving are not adequately 
formulated. Methods of accurately observing response to social 
stimulation and of controlling social stimulation must be subservient 
to the major problem of explaining the psychological processes which 
determine behavior. Methods of observing response and of controlling 
stimulation are by no means perfected. Social psychology’s most 
urgent present need, however, is better formulation of its problems, 
particularly in respect to the ways in wffiich everyday forms of social 
stimulation are fitted into individual motive patterns. 
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learning, transfer and, 65f 
methods of studying, 72-78 
muscular tension and, 73-75 
order effects and, 71f 
paired-associates, 604f 
practice, non-experimental, and, 

70f 

retention and, 68f, 78-87 
series effects and, 71 f 
transfer and, 69, 88-94 
See also Learning, Transfer 
Metabolic rate, basal, 431-434 
Methods, classification of, 5 
general psychological, 1-22 
See also separate items for individ'ml 
methods 

Minimal change, method of, 131-134 
Mirror-drawing, 30f 
Monochromatic color vision, 211 
Motion, perception of, 182f, 214f 
Motivation, 348-360 
animal studies, 324r-330 
human, 348-360 
incentives, 349-352 
level of aspiration, 358-360 
motor functions and, 494f 
obstruction method, 327f 
set and, 352-358 
social, 689 


Motor development, child, 630, 645f 
Motor-expressive methods, 558 
Motor functions, 459-497 
anoxia and, 489-493 
blocking of responses, 465f, 478-482 
calorimetry, respiratory, 473f 
child development scale, 630, 645f 
distraction and, 492 
drugs and, 489f 
efficiency, 470f 
fatigue, 475-482 
feeling-tone, 474f 
incentives, 494f 
motives, 494f 
organic state, 473f 
patterns, elementary, of, 460-469 
physiological conditions and, 488-492 
reaction time, 461-468 
associative, 463f 
choice, 463f 
discriminatory, 463f 
serial, 464f 
set and, 466-468 
simple, 461-468 
reflex, 459-461 
knee-jerk, 460f 
rest and, 484-488 
skills, child, 640-646 
sleep and, 487f 
steadiness, 394 
suggestion and, 488f 
transfer, decrement, of, 482f 
set, of, 483f 
work, 469-484 
cui’ves, 471-473, 475-482 
decrement, 468f 

See also Action measurement, Bodily 
functions 

Movement, constant error of, 138 
perception of, 214f 

Multiple-choice learning, 34f, 335f, 343f 
Munsell color system, 209f 
Muscular tension, learning and, 73-75 

Nature-nurture problem, IS, 626-629 
Nerve block, skin senses, 252f 
Nerve section, skin senses, 252f 
Nervous system, 417f 
hypothalamus, 381f 
See also Bodily functions, Cortical 
functions, Neuropsychology 
Neural recording, electrical, 448-452 
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Neuropathology-j 452-454 
Neuropsychology, 417-458 
cortical functions, 437-454 
ablation method, 445f 
deactivation techniques, 444-448 
lobectomy, 452f 
lobotomy, 452f 
neuropathology, 452-454 
neurosurgery, 452-454 
recording, electrical, 448-452 
stimulation techniques, 440-444 
intervening variables in, 41 7f 
See also Bodily functions 
Neui’osurgery, 452-454 
Nonsense syllables, 15, 66-94 
Norms, social, 185f 
test, 529f 

Objective methods, 6 
personality study, 547-556 
Obstruction box, 327f 
Oculogi’avic illusion, 312 
Oculogyral illusion, 312 
Odor prism, 281 
Olfactie, 285 
Olfaction, 280-285 
discrimination, 281-283 
conditioning and, 283 
qualities, 281-283 
sensitivity, 283-285 
taste and, 269, 280f 
Olfactometer, 284 
Optokinetic response, animal, 332f 
Oscillograph, cathode-ray, 225 
Oscilloscope, cathode-ray, 409f 
Overlearning, retention and, 78-81 
Oxygen, blood, 430-435 
tension, see Anoxemia 

Paired comparisons, method of, 139-144 
Parallax, binocular, 176f 
Patellar reflex, 460f 
Perception, 158-188 
aftereffects, 170f 
ambiguous stimuli, 166f 
child, 634-638 

constancy phenomena, 179-182 
contour, 166, 172-176 
cutaneous, 261f 
depth, 176-179 
distance, 176-179 
retinal gradient and, 178f 


Perception, distorted retinal projection, 

169f 

equivocal stimuli, 167-169 
esthetics, 161 
form, 171-176 

identification, method of, 165 
improverished stimuli, 166 
introspective method, 161-164 
locomotion, 182f 
meaning, 184f 
motion, 182f, 214f 

non-dimensional modification of stim- 
uli, 165-171 

non-serial matching method, 165 
parallax, binocular, 176f 
prolonged fixation effects, 170f 
psjmhophysics and, 159-161, 164f 
psychophysiology and, 159-161 
reduction of stimulus patterns, method 
of, 166 

reproduction, method of, 165 

retinal disparity, 176f 

reversible stimulus patterns, 167-169 

rotated retinal projection, 169f 

sensation and, 158-161 

shape, 172-176 

social, 186f 

social norms in, 185f 

S3mibols, 184f 

Perceptive-structural methods in person- 
ality, 558-560 
Personality, 539-568 
apperceptive-dynamic methods, 561- 
564 

autobiography method, 541 
case history, 541 f 
character and, 539 
definition of, 539f 
honesty, 548f 
insight, 552f 

I integration of methods, 564-566 

interview method, 542-544 

' ... 

inventory method, 544-547 
level of aspiration, 358-360 
matching method, 553-556 
miniature fife situations, method of, 
547-549 

motor-expressive methods, 558 
objective methods, 547-556 
perceptive-structural methods, 558- 
560 

physiolo^cal measures and, 550f 
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Personality, physique and, 550f 
picture-association method, 562f 
play techniques, 562 
projection, 552f 
projective methods, 556-564 
questionnaire method, 544-547 
rating scales, 551-553 
subjective methods, 540-547 
suggestibility and, 549 
thematic apperception, 56 If 
unobserved observation, 549f 
word association, 562 
Personnel selection, clinical psychology 
in, 592f 

Photographic study, children, 630-632 
Photometer, 201 
Photon, 195f 
Photopic vision, 207f 
Photopolygraph, 377f, 406, 615f 
Physical examination, clinical study, 
574f 

Physiological processes, 417-458, 488- 
492 

personality study, 550f 
See also Action measurement, Bodily 
functions. Cortical functions, 
Motor functions 
Physique, personality and, 550f 
Picture-association method, 562f 
Picture-frustration study, 562f 
Pistonphone, 229f 
Pitch discrimination, 230-233 
Play analysis, 654f 
Play interview, 654 

Play techniques, personality study, 562 
Pleasantness, see Feeling 
Plethysmograph, 369 
Pneumograph, 396, 406 
Point of subjective equality, psycho- 
physical, 133f 
Political attitudes, 682f 
Polygraph, 396, 404 
See also Photopolygraph 
Practice, distribution of, and learning, 
76-78 
method, 13 

Prediction of choice, psychophysical, 
154-156 

Preference method, child, 637f 
Preferences, animal, 362-365 
consumer, measurement of, 155f 
hand, child, 640f 


Preferences, incentives and, 328f 
taste, 274-279, 329-331 
Prenatal behavior, 419-428 
Problem box, 31, 343f 
Problem solving, 103-107, 342f 
direction and, 105-107 
Profile, psychological, 586-588 
Projection, personality, 552f 
retinal, distorted, 169f 
Projective methods, 556-664, 681 
child study, 652-654 
Propaganda measurement, 150-154 
Proprioception, 289-318 
See also Kinesthesis, Vestibular func- 
tions 

Protanope, 211 

Psychiatric study, social behavior, 687f 
Psychogalvanic response, 414, 550f 
Psychometric function, 135-137 
skewness of, 137 
Psychomotor tests, 510-512 
Psychophysics, 124-157 
absolute judgment, method of, 146f 
applications of, 148-156 
attitude measurement, 148-154, 669™ 
671 

average error, method of, 126-128 
comparative judgment, law of, 142 
constant method, 134-137 
consumer preferences, measurement of 
155f 

discriminal dispersion, 140-144 
discriminal process, 140-144 
equal-appearing intervals, method of, 
144f 

errors, 127, 131, 134, 137f 
Fechner’s law, 125, 128-131 
interval of uncertainty, 136f 
judgment time, method of, 147f 
See also Reaction time 
just noticeable difference (JND), 125 
kinesthesis and, 294 
limen in, 125f 
absolute, 126 
difference, 126, 133f 
limits, method of, 131-134 
mean gradation, method of, 124f 
minimal change, method of, 131-134 
paired comparisons, method of, 139- 
144 

perception and, 159-161, 164f 
point of subjective equality, 133f 
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Psychophysics, prediction of choice, ' 
154-156 

propaganda effects, measurement of, 
150-154 

psychometric function, 135-137 
skewness of, 137 
psychophysiology and, 159-161 
rank order, method of, 146 
reproduction, method of, 126-128 
sensitivity, 127f 
measurement of, 135-137 
single stimuli, method of, 146f 
skin senses and, 260f 
subjective measurement, 124f 
unit of, 141 

successive intervals, method of, 145 
taste, 273, 277-279 
threshold, absolute, 126 
differential, 125f 
terminal, 125f 
visual, 191-194 
Weberns law, 128-131 
Psychophysiology, psychophysics and, 
159-161 

See also Bodily functions, Motor func- 
tions, Neurof)sychology 
Pupillary reactions, 216-218, 406 
Pupillometer, 407 
Purkinje phenomenon, 636 
Pursuit-meter (rotor), 32 
Puzzle box, 31, 343f 

Questionnaire, personality, 544-547 

Range, auditory, 226-230 
Rank order, method of, 146 
Rating scales, 551-553 
Ratings, child behavior, 657f 
Rationalism, 2 
Rayleigh disk, 233 
Razzing, effects of, 680 
Reaction time, 461-468, 598 
associative, 463f 
choice, 463 
discriminatory, 463f 
judgment time, 147f 
serial, 464f 
set and, 466, 468 
simple, 461-463 
skin senses and, 261 
thinking and, 98-102 
Reasoning, animal, 341f 


Reasoning, induction, 3 
syllogistic, 2, 115-119 
conclusions, analysis of, 116-119 
See also Thinking 
Recall, 15 

Receptors, skin, 253-259 
depth, 254 

microscopic examination, 254 
processes, nature of, 254-257 
vestibular, 295-297, 304f 
Recognition, 15 

Recording systems, action, 395-402 
back action, 400f 
distortion, 399f 
range, 397-399 
sensitivity, 397-399 
See also Action measurement 
Recovery, from work, 484-488 
Reflexes, 459-461 
conditioned, 23-63 
eyelid, 614-621 
knee-jerk, 460f 
Relearning, 15 

Reproduction, method of, 126-128, 165 
child study, 638 
Respiratory calorimetry, 473f 
Response generalization (conditioning), 
56 

Rest, motor functions and, 484-488 
Retention; 65f, 78-81 
electric convulsive therapy and, 602- 
614 

intervening learning and, 84-87 
measures of, 15, 81-83 
overlearning and, 78-81 
retroactive inhibition and, 84r-87 
Retina, 194f 
angle, 195f, 206 
disparity, 176f 

gradient, perception and, 178f 
projection, distorted or rotated, 

169f 

Retroactive inhibition, 84-87 
degree of similarity and, 86 
formula for, 87 

Reversible stimulus patterns (percep- 
tion), 167-168 
Rods, retinal, 194f 

Rorschach test method, 167, 558-560 
Rotated retinal projection (perception), 
169f 

Rotation method in experiments, 13-15 
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Samoan cuiture, 676-678 
Scientific method, history and philosophy 
of, 2-4 

Scotopic vision, 207f 
Semicircular canals, inner ear, 295 
Sensation, perception and, 158-161 
See also the separate sense departments 
Sensitivity, action measurement, 397- 
399 

psychophysical, 127f, 135-137 
taste, 273-277 

Set, motivation and conditioning, 352- 
358 

reaction time and, 466-468 
transfer and, 91-94 
Shape perception, 172-176 
Single stimuli, method of, 146f 
Skills, child, 640-646 
See also Aptitudes, Motor functions 
Skin senses, 250-267 
anesthesia and recovery, 25 If 
chronaxie measurement, 253 
distortion, mechanical, 257f 
localization, 259f 
nerve block, effect of, 252f 
nerve section, effect of, 252f 
number of, 251-253 
perception, 261f 
problems, basic, 250f 
receptors, 253-259 
thermal change and, 258 
thresholds, 259-261 
two-point, 259f 
vibration sensitivity, 258 
Skinner box, 31, 326f 
Sleep, motor functions and, 487f 
Smell, 280-285 
See also Olfaction 
Social behavior, 664-694 
attitudes, 669-676, 684-687 
children, 651-659 
climate, social, 689-692 
competition, 668f 
conformity, 667f 
controlling stimulation, 671-678 
facial expression (emotion), 679f 
facilitation, social, 668f, 673 
frame of reference, 681f, 683f 
incentives, 668f 

individual study, intensive, 68^ 
688 

institutional influences, 667f 


Social behavior, interpersonal relations, 
371-374, 658f, 668f, 688f 
leadership, 688f 
motives and, 689 
observing, methods of, 665-671 
projective devices, 681 
psychiatric study in, 687f 
razzing, effects of, 680 
responses to social stimulation, 678- 
692 

social climates, 689-692 
social distance, 674f 
statistical control, 675f 
suggestibility and, 667 
sympathy, 685 
time sampling, 666 
traits and, 665-667 
unemployment effects, 674 
Social distance, 674f 
Social norms, 185f 
Social perception, 185f 
Sociometry, interpersonal relations, 371- 
374, 658f, 688f 
Sound, localization, 245-248 
See also Hearing 

Space error, psychophysical, 137f 
Spectrometer, 210 
Speech, child, 646-651 
content, 651 
structure, 650f 
Sphygmograph, 369 
Sphygmomanometer, 369 
Spontaneous recovery (conditioning), 45 
Stabilimeter, animal, 334 
child, 634-636 
Startle pattern, 378-380 
Statistical control, in social study, 675f 
Statistical methods, general, 19 
Steadiness tester, 394 
Stereoscope, 177 

Stereotaxic instrument, 382-384, 451 
Stimulation techniques, cortical, 440- 
444 

See also the separate sensory depart- 
ments 

Stimulus continuum, psychophysical, 
I24f 

Stimulus error, psychophysical, 131 
Stimulus generalization (conditioning), 
56 

Stress interview, 544 
Subjective measurement, 124f 


Subjective methods, 6 
personality study, 540-547 
Successive intervals, method of, 145 
Suggestibility, 667 
intelligence and, 12 
personality and, 549 
See also Suggestion 
Suggestion, motor functions and, 488f 
political attitudes and, 682f 
prestige, 682f 
See also Suggestibility 
Summation tones, 243f 
Syllogism, 115-1 19 
conclusions, analysis of, 116-119 
Symbols, perception of, 184f 
Sympathy, study of, 656, 685 
Systematic error, see Constant error 

Tachistoscope, 166 
Talbot’s law, visual, 213 
Tambour, 396, 427 
cage, 325f 

Taste, preferences, 274-279 
psychophysics of, 273, 277-279 
qualities, 270-279 
sensory basis of, 270-273 
sensitivity, 273-277 
smell and, 269, 280f 
thresholds, 274-279 
tongue, innervation, 268f 
sensitivity, relative, 271-273 
Weber fractions, 277f 
Tautophone (verbal summator), 560 
Temperament, 539 
See also Personality 

Temperature change, skin senses and, 258 
Tests, administration, 50 If 
aptitude, 499-502 
clerical, 510 
construction, 520f 
correlation, 502f^ 
criterion, 502f 
esthetic, 511f 
intellectual, 503-510 
items, aptitude, 503-513 
mechanical aptitude, 512f 
norms, 529f 
planning, 515-520 
psychological, 370-371 
psychomotor, 510-512 
responses, 500f 
stability of scores, 531 


Tests, validity, 502f, 622-528 
Thematic Apperception Test, 561f, 652* 
654 

Therapy, clinical, 587-592 
electric convulsive, 602-614 
Thermal change, skin senses and, 

258 

Thinking, 96-123 
abstraction, child, 634-639 
association time, method of, 98-102 
concept formation, 108-115 
creative, 119-121 
introspection and, 97-101 
study in context, 119-121 
importance of, 120f 
Thought, see Thinking 
Thresholds, 166, 192-194 
absolute, 126 
differential, 125f 
visual, 199f 
skin, 259-261 
taste, 274-279 
terminal, 125f 

two-point tactual, 126, 259f 
visual, 192-194 
Time curves, learning, 38 
Time error, psychophysical, 137f 
Time sampling, 666 
child study, 641-643, 656f 
Tones, combination, 243-245 
difference, 243f 
masking, 245 
summation, 243f 
See also Hearing 
Tongue, innervation of, 268f 
sensitivity of, 273-277 
Trace conditioning, 52f 
Traits, social, 665-667 
Transfer, decrement, of, 482f 
set, of, 483f 
training, of, 65f, 88-94 
interlist similarity and, 88f 
practice and, 89-91 
set and, 91-94 
Treatment, clinical, 587-592 
Tremograph, 307 
Trial-and-error, learning, 24-37 
thinking, 103-112 
Trichromatic color vision, 211 
Triplets, 627f 
Tritanope, 211 
Twins, 628f 


Umweg method, learning, 32-34 
Understiinulation method, children, 632 
Unemployment effects, social, 674 
Unpleasantness, see Feeling 

Validity, 502f 
test, 522-528 

Variable errors, psychophysical, 127 
Variables, dependent, 7f 
experimental, 7f 
independent, 7f 
law of, 7f 

non-experimental, 17 
Variance, analysis of, 15 
Verbal conditioning, 621 
Vestibular functions, 294-314 
ablation method, 313f 
ampullar crista, 296 
labyrinth, 295 
macula, 296 

receptors, 295-297, 304f 
response recording, 303-313 
discrimination, 311-313 
neural, 305-308 
reflexes, 308-311 
semicircular canals, 295 
stimulation techniques, 297-303 
caloric, 301 
electrical, 302f 
mechanical, 30 If 
position, 297 
rotation, 298-301 
See also Kinesthesis 
Vibration sense, cutaneous, 258 
Vincent learning curve, 42-44 
Visibility curves, 207f 
Vision, 189-222 
acuity, 205-207 
adaptation, 196f 
vitamin A and, 197f 
angle, visual, 195f, 206 
binocular interaction, 203f 
blind spot, 195 

brightness discrimination, 198-205 
FeehneFs paradox, 204 
Weber fraction, 199f 
OFF, 212-214 
color blindness, 210f 
color classification, MunseU system, 
209f 

color discrimination, 207-211 
dichromatic, 210f 
monochromatic, 210f 


Vision, color discrimination, trichromatic, 
210f 

weakness, 210f 
color mixing, 210f 
color pyramid, 208f 
cones, retinal, 194f 
entoptic stray light, effects, 201 
eye, 194f 

eye movements, 21 5f 
fields of investigation, 189-191 
figure and ground, 190 
flicker, 212-214 

intermittent stimulation, 212-214 
Landolt cii’cle, acuity measures, 196f, 
205f 

limens, 192-194 
measurement, 195f 
mechanisms of, 218f 
motion, 214f 

motor aspects of, 215-218 
photometer, 201 
photon, 195f 
photopic, 207f 

psychophysical relations, 191-194 
I^Hpillary reactions, 216-218 
rods, retinal, 194f 
scotopic, 207f 
spectrometer, 210 
Talbot’s law, 213 
thresholds, 192-194 
visibility curves, 207f 
Vitamin A, vision and, 197f 
Vocal responses, recording, 409f 
Vocational interests, 546f 

Walking, child study, 643f 
Warble method, loudness discrimination, 
241 

pitch discrimination, 231 
Weber fraction, 199f, 277f 
Weber’s law, 128-131 
Word association, abnormal behavior 
and, 596-602 
personality and, 562 
thinking studies, 98-102 
Word lists, 649f 
See also Language 
Work, 469-484 


curves of, 471-473, 475-482 
decrement, 468f 
measurement, 411 





